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“From the first he showed that he was a bird of great strength of character, 
and not to be trifled with.” 
 
on Ulysses the owl, 
from My Family and Other Animals 
by Gerald Durrell (1956/2011, p. 149) 
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Summary 
 
This thesis examined whether bird sounds are perceived and experienced as restorative 
following stress and cognitive fatigue, and reasons for such perceptions. 
 
Study 1 (N = 20) qualitatively explored restorative perceptions of bird sounds. These 
arose based on cognitive and affective appraisals of the sounds, and on relationships 
with nature. Restorative perceptions of bird sounds varied between species as a result of 
their acoustic, aesthetic, and associative properties. 
 
Study 2A (N = 174) quantitatively demonstrated that smoothness, intensity, complexity, 
pattern, and familiarity were significant predictors of restorative perceptions of bird 
sounds. Study 2B (N = 116) complemented these results by qualitatively examining 
associations with the sounds, which were summarised by four master themes: 
environment, animals, time and season, and environmental activities. Birds perceived as 
differently restorative in Study 2A were dissociable on the basis of different 
associations within these master themes. 
 
Study 3 (N = 102) experimentally examined the effects of associations on restorative 
perceptions of bird sounds. Bird sounds associated with positive scenarios were 
perceived as more restorative than those associated with negative scenarios. Scenarios 
describing the presence versus absence of threat, and associations with natural versus 
urban environments, were found to be particularly influential. 
 
Study 4 (N = 36) experimentally examined restorative outcomes in response to bird 
sounds. Listening to birdsong significantly reduced self-reported negative affect in 
comparison to traffic sounds, but no significant differences were found between sounds 
in terms of change in positive affect, arousal, or cognition. Qualitative data indicated 
that listening to the two types of sound generated different imagery of wider natural and 
urban environments. 
 
These four studies reveal the importance of bird sounds in perceptions and experiences 
of restoration, and the contributions of their acoustic, aesthetic and semantic properties 
to such perceptions – including associations with wider, multi-sensory environments. 
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Chapter One 
 
Introduction 
 
1.1. Birds and their Sounds 
 
The British are a nation of birders. There are almost six hundred species of bird known 
to be native to the United Kingdom and several large conservation organisations 
devoted to the protection and monitoring of these animals, such as BirdLife 
International, the British Trust for Ornithology, and the Royal Society for the Protection 
of Birds (RSPB). The latter has over one million members (RSPB, 2010), indicating the 
importance of birds in the eyes of the general public. These species are appreciated not 
only for their beauty but also for the sounds that they make, which are frequently 
likened to music and used as symbols and allegories (Mynott, 2009; N’gweno, 2010; 
Barnes, 2011). Yet the importance of birds and their sounds is not limited to birding 
enthusiasts. Amongst individuals for whom ‘birding’ is not an activity of interest, the 
sounds of birds are still important and pleasurable. Their songs are frequently associated 
with happiness, relaxation, and diversion for both wildlife enthusiasts and the general 
public (e.g. Björk et al., 2008; Curtin, 2009). 
 
In the public imagination, it is considered “self-evident” that birdsong is good for 
people (Feilden, 2012, para. 1) and indeed birdsong is related to positive experiences in 
outdoor environments (e.g. Björk et al., 2008), but there is a lack of empirical 
examination of whether birdsong can offer perceived or actual changes in mood, 
arousal, and cognition, especially after stress or fatigue; in sum, whether bird sounds 
can be perceived or experienced as restorative in their own right. This thesis unpacks 
the subtleties of perceptions of different bird sounds to explore whether and how they 
might offer such benefits. In so doing it makes several original contributions to 
knowledge. First, it observes that some, but not all, bird sounds are perceived to have 
restorative potential; second, it reveals that this variation in perceived restorative 
potential may be a product of certain acoustic and aesthetic factors; third, it further 
relates such variation to differences in qualitatively recorded associations with the bird 
sounds, and shows that these associations can extend backwards and forwards in time 
through imagined and remembered environments; fourth, it demonstrates that 
manipulating meanings associated with bird sounds can affect their perceived 
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restorative potential; and fifth, it shows that, relative to traffic sounds, listening to 
birdsong isolated from other natural sounds can influence self-reported affect after 
stress. 
 
1.1.1. The value of bird sounds for people 
The value of bird sounds for humans is evident in mythology, literature, folklore, and 
the arts. Their sounds are used as symbols for both positive and negative states and 
concepts; for example, the songs of birds are described as joyful, beautiful, musical, and 
peaceful in classical and modern texts alike, whereas the calls of other bird species such 
as crows, ravens, and owls are equated with negative concepts such as death, bad luck, 
or other superstitions (Wheye & Kennedy, 2008; Mynott, 2009; Barua & Jepson, 2010; 
N’gweno, 2010; Njeri Muiruri & Maundu, 2010; Sault, 2010; Tidemann & Whiteside, 
2010; Cocker, 2013). These authors also assert that bird sounds can serve as symbols of 
aspects of the natural world such as the changing seasons, and as allegories for aspects 
of human existence, both positive and negative. Birds and their sounds are also aligned 
to the supernatural through associations with magic, spirits, and gods, which Mynott 
(2009) argues is a product of their ability to fly, along with their often bright plumage 
and quasi-musical output. Despite their prominence in literature and other areas of the 
social sciences, relatively little attention has been paid to the role that birds and their 
sounds may play in human environmental psychological experience – and in particular, 
there is little systematic study of the claims that bird sounds can offer relaxation and 
improvements in mood and cognition in times of stress. 
 
1.1.2. People’s responses to bird sounds 
In addition to their symbolic value, individuals appear to relate the presence of bird 
sounds, and particularly birdsong, with pleasure, relaxation and a reduction in stress. 
Jepson (2010, p. 320) reports that songbirds are often kept as pets in Indonesia in order 
to “release stress”. There is a body of anecdotal evidence regarding such effects of bird 
sounds, most recently notable in the prevalence of new media and audio installations in 
built spaces (cf. Milton, 2013). These uses for birdsong are often aimed at stress 
reduction (Milton, 2013) but empirical examination of their efficacy is limited. Studies 
of perceptions of environmental sounds, and particularly those found in nature, 
consistently identify bird sounds as being perceived to be pleasant and desirable (e.g. 
Björk et al., 2008). However, the specific role of birdsong in aiding relaxation or 
improving mood or cognitive performance is understudied. 
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Academic literature that examines whether birdsong, in the context of other natural 
sounds, can lead to reductions in stress or improvements in cognitive performance is 
discussed in Chapter Two. At first glance, it appears that there is a widely held 
perception amongst the public that birdsong is good and can do one good. Yet, as noted 
above, not all bird sounds are valued in the same way in human cultures; some bird 
sounds are regarded positively, and others less so (Mynott, 2009; Sault, 2010; 
Tidemann & Whiteside, 2010; Cocker, 2013; Björk, 1985). Within anecdotal reportage 
of the effects of birdsong, and within scientific study of the effects of natural sounds on 
psychological function, the sounds made by birds are frequently categorised together as 
birdsong with little regard for nuances of perceptions between different types of bird 
sound (cf. Hedblom, Heyman, Antonsson, & Gunnarsson, 2014). Given that many bird 
sounds are associated with negative concepts, stereotypes, and meanings, a thorough 
examination of the restorative perceptions and outcomes associated with a range of bird 
sounds, rather than merely birdsong as a unified concept, appears timely. 
 
1.2. Bird Sounds and Restoration 
 
Since the late 1980s, experience of non-threatening natural environments has been 
linked to a range of psychological and physiological benefits when considered in 
comparison to typical urban environments. The benefits experienced in these spaces, 
hereafter referred to as restorative environments, range from reduced perceptions of 
pain and usage of painkillers amongst recovering surgery patients (Ulrich, 1984) to 
enhanced recovery from acute stress (e.g. Ulrich et al., 1991; Hartig, Evans, Jamner, 
Davis, & Gärling, 2003), and improvements in both self-reported mood and objectively 
measured cognitive performance (e.g. Hartig, Mang, & Evans, 1991; Hartig et al., 2003; 
Berto, 2005; Laumann, Gärling, & Stormark, 2003). 
 
In examining whether bird sounds can generate restorative perceptions in their own 
right, this thesis shifts the focus from effects of restorative natural environments per se 
to a specific stimulus drawn from such an environment. This approach has been taken in 
several studies where visual stimuli such as films, photographs, or slideshows have been 
used as proxies or symbols for wider environmental experience (e.g. Ulrich et al., 1991; 
Laumann et al., 2003; Berto, 2005), and indeed in studies that have focused on 
recordings of natural soundscapes alone as proxies for in situ experience of those 
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sounds (e.g. Alvarsson, Wiens, & Nilsson, 2010; Payne, 2013; Benfield, Taff, Newman, 
& Smyth, 2014; Medvedev, Shepherd, & Hautus, 2015). The work described in this 
thesis goes one step further by exploring whether birds, so frequently included in these 
natural soundscapes, might also elicit restorative perceptions and outcomes in a similar 
way to visual and wider acoustic mediations of natural environments. 
 
Study of the restorative effects of exposure to nature has traditionally focused on 
recovery from stress and/or from cognitive fatigue. Theoretical perspectives seek to 
explain the benefits of nature either from an affective-based stance (stress recovery 
theory (SRT); Ulrich, 1983; Ulrich et al., 1991) or from an information processing 
perspective (attention restoration theory (ART); Kaplan & Kaplan, 1989; Kaplan, 
1995). This thesis does not aim to test whether either of these theories may better 
explain restorative perceptions and outcomes achieved through bird sounds; rather, the 
theories have been used as a guide to inform design choices. 
 
1.2.1. Recovery from stress 
Experience of nature can help to make individuals happier following stress, and can 
reduce feelings of negative affect and arousal. These benefits have been observed in 
qualitative studies of wilderness experiences (cf. Kaplan & Kaplan, 1989) as well as 
quantitative studies of stress recovery during time spent in or observing natural and 
urban environments (e.g. Ulrich et al., 1991; Hartig et al., 2003; Berman, Jonides, & 
Kaplan, 2008). These experiences also produce differentiated responses in psycho-
physiological arousal following stress; for example, experience of nature and experience 
mediated through photos or videos can reduce blood pressure, heart rate, and skin 
conductance to a greater extent than experience of urban environments (Ulrich et al., 
1991). The natural world, then, can make individuals happier and calmer than certain 
types of urban environments. Within these studies, and particularly those that use direct 
or multimedia experiences in their restorative interventions, the sounds of natural and 
urban environments are part of the experience yet the role of such stimuli in restorative 
outcomes has only recently been examined (e.g. Alvarsson et al., 2010; Beil & Hanes, 
2013; Annerstedt et al., 2013; Benfield et al., 2014; Emfield & Neider, 2014; Medvedev 
et al., 2015). Within these exceptions, bird sounds are presented as part of a wider 
soundscape but their specific effects on perceived and actual recovery from stress 
remain understudied. 
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1.2.2. Attention restoration 
Exposure to both mediated and directly experienced natural environments has also been 
found to have significant effects on cognitive performance across a range of tasks that 
tap facets of attention and working memory, including the Necker Cube Pattern Control 
Task (NCPCT; Hartig et al., 2003), the Backwards Digit Span Task (BDST; Berman et 
al., 2008), the Sustained Attention to Response Task (SART; Berto, 2005); and Posner 
paradigms (e.g. Laumann et al., 2003). Natural environments are also frequently 
perceived to have greater restorative potential than urban environments as measured 
through inventories such as the Perceived Restorativeness Scale (PRS; e.g. Hartig, 
Korpela, Evans, & Gärling, 1997; Berto, 2005). In the context of attention restoration 
theory (ART), Kaplan and Kaplan (1989) and Kaplan (1995) argue that natural 
environments provide individuals with the opportunity to replenish executive function 
through use of involuntary attention, particularly to stimuli in nature that are fascinating 
or effortless to attend to. However, examples of auditory stimuli that might offer such 
benefits are limited, as is study of the role that natural sounds might have in restoration 
of attention or other cognitive functions; for exceptions, see Jahncke, Hygge, Halin, 
Green, and Dimberg (2011) and Emfield and Neider (2014). There is, therefore, a need 
to further examine how listening to the sounds of nature alone, and specifically bird 
sounds, can influence perceptions and outcomes of recovery of cognitive abilities after 
fatigue. 
 
1.2.3. Sensory experiences of restorative environments 
Restorative benefits have been observed in response to direct experience of nature in the 
outdoors and to indirect experience achieved through visual and audio-visual media 
such as photos and videos (e.g. Ulrich et al., 1991; Laumann et al., 2003; Berto, 2005; 
Berman et al., 2008), although researchers such as Kjellgren and Buhrkall (2010) have 
identified that greater restoration can be achieved through direct experience of such 
environments. To date, the vast majority of studies examining restorative environments 
have focused on visuo-spatial experience. 
 
The body of evidence relating stress recovery and attention restoration to non-visual 
experience of nature is limited, but growing. Jahncke et al. (2011) observed that the 
addition of natural sounds to a natural video enhanced self-reported motivation to work 
following fatigue. Payne (2013) was able to differentiate the perceived restorative value 
of natural and urban soundscapes, while Alvarsson et al. (2010), Benfield et al. (2014), 
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and Medvedev et al. (2015) showed that individuals experience greater subjective and 
objective restoration from stress following exposure to natural sounds than sounds from 
the built or urban environment. In a qualitative study of blind and visually-impaired 
individuals, Shaw, Coyle, Gatersleben, and Ungar (2015) identified that perceived 
restorative experiences can be achieved through non-visual experiences of one’s 
environment, including sound, touch, and smell. Within these recent findings, birdsong 
recurs as a type of sound that typifies the natural soundscape, particularly in comparison 
to urban or built soundscapes – yet there has been no systematic attempt to study 
whether, and why, bird sounds on their own might be perceived as restorative, and 
whether they might lead to quantifiable restorative outcomes following stress and 
cognitive fatigue in a similar manner to broader natural environments and natural 
soundscapes. 
 
1.2.4. Affective appraisals and change in affect in response to bird sounds 
In keeping with evidence that affective appraisals of environments and environmental 
stimuli are formed from differing evaluations of valence, or pleasantness, and arousal 
(Russell, 1980), natural sounds such as birdsong are typically related to affective 
appraisals of positive valence, relaxation, and low arousal or activation, particularly in 
comparison to sounds from the urban or built environment (e.g. Björk et al., 2008; 
Alvarsson et al., 2010; Emfield & Neider, 2014), although notably Medvedev et al. 
(2015) observed that bird and ocean sounds were rated as more arousing than certain 
sounds from the built environment. Regardless, these appraisals consider bird sounds as 
a single type of auditory stimulus, without consideration of variation between the 
sounds made by different species. Specific bird sounds can be differentiated on the basis 
of their affective appraisals, with some species being rated as more or less pleasant or 
activating than others in several studies (e.g. Björk, 1985; Bradley & Lang, 2007). 
Given that pleasant and non-activating natural environments are also likely to be 
restorative (Ulrich, 1983; van den Berg, Koole, & van der Wulp, 2003) such differences 
indicate that birdsong in a non-specific sense may be perceived to be restorative, but 
variation between bird species may exist within this spectrum and is as yet 
understudied. 
 
Beyond affective appraisals, listening to birdsong can be perceived to produce changes 
in affect; that is, individuals report that the sounds of birdsong can make them feel 
happy and calm. While much evidence for self-reported change in affect as a response 
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to bird sounds comes from qualitative studies of individuals’ experiences in nature (e.g. 
Curtin, 2009; Kjellgren & Buhrkall, 2010; Shaw et al., 2015), recent quantitative studies 
have established that acoustic experiences that include bird sounds, along with other 
sounds of nature, can significantly improve self-reported mood and reduce psycho-
physiological arousal following stress, to a greater extent than sounds from the built 
environment such as traffic (e.g. Alvarsson et al., 2010; Benfield et al., 2014; Medvedev 
et al., 2015, although Emfield & Neider (2014) provide contradictory evidence). Despite 
the prevalence of birds in such soundscapes there is limited study of their ability to 
effect such restoration in their own right. 
 
1.2.5. Changes in cognition in response to bird sounds 
The sounds of birds may be associated with perceptions of their ability to aid 
individuals’ recovery from mental fatigue through concepts outlined in attention 
restoration theory (ART; Kaplan & Kaplan, 1989; Kaplan, 1995). That is, bird sounds 
are viewed as a source of fascination and wonder that can effortlessly engage one’s 
attention and offer a distraction or sense of escape from everyday concerns, offering 
parallels with ART concepts of fascination and being away; for example, Shaw et al. 
(2015) directly associate the sounds of nature, including birds, with qualitatively 
reported perceptions of restoration and restorative potential amongst visually impaired 
individuals, although it is as yet unexplored whether such perceptions might exist 
amongst individuals without impaired sight. 
 
However, study of restorative perceptions alone may be insufficient. Pearson and Craig 
(2014) note that there is a dissociation between the achievement of restorative outcomes 
in response to environmental manipulations, and individuals’ perceptions of those 
restorative outcomes, arguing that individuals may not have sufficient insight into their 
own cognitive processes to know whether an environment has had an effect on their 
cognition. As such, this thesis also includes a laboratory experiment in order to examine 
the effects of listening to bird sounds on objective measures of cognitive restoration. 
Studies exploring actual restoration of cognitive performance in response to natural 
sounds, and particularly following stress or fatigue, are limited. Jahncke et al. (2011) 
observed that fatigued participants who experienced the sounds of a river and birdsong 
as part of a multi-media restoration phase reported significantly higher motivation to 
work than those who did not hear such sounds. However, these differences did not 
extend to improvements on objective measures of cognition in Jahncke et al.’s (2011) 
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study, or in Emfield and Neider’s (2015) study on cognitive restoration in response to 
ocean and seagull sounds. Björk (1985, 1986) noted that certain natural sounds, such as 
certain birds and gulls, could be perceived as alerting, although relationships between 
this quality and cognition are not clear. As such, the restorative effects of natural 
sounds, and particularly bird sounds, on cognition and associated factors such as the 
recovery of attention is understudied, particularly when considering the volume of data 
on the effects of natural versus urban visuo-spatial experience on measures of cognition 
following fatigue (e.g. Hartig et al., 1991; Hartig et al., 2003; Laumann et al., 2003; 
Berto, 2005; Berman et al., 2008). 
 
1.2.6. Why might bird sounds be (perceived as) restorative? 
The roles of acoustics, aesthetics, and associations 
Despite recent studies demonstrating that sounds, and particularly bird sounds, can be 
perceived as restorative and may generate restorative outcomes, understanding of why 
this might be remains limited. Payne (2013) and Shaw et al. (2015) suggest that sounds 
in nature may be perceived as restorative in ways that mirror processes outlined in 
attention restoration theory, such as fascination and being away. In addition, factors 
such as complexity, pattern, and familiarity, which are described by both Kaplan and 
Kaplan (1989) and Ulrich (1983) as being implicated in restorative visual perceptions 
and processes, are also measurable amongst acoustic stimuli – although published 
studies that examine relationships between these properties and affective and potentially 
restorative appraisals are few (see Björk, 1985; Payne, 2013; and Medvedev et al., 
2015, for exceptions). In addition, sounds offer a different set of perceptual properties to 
measure in relation to restorative perceptions and affective appraisals; that is, acoustic 
properties such as their intensity, frequency, and smoothness. 
 
It is not just perceptual properties that might explain relationships between bird sounds 
and restorative perceptions and outcomes, or indeed variation in these relationships. As 
noted by Ulrich (1983) and recent researchers such as Pretty (2004), associations with 
and memories of environments and environmental stimuli can relate to restoration, 
although study on this topic remains limited. Yet literature from ethno-ornithology, 
sociology, and the arts and humanities reports a wide array of meanings associated with 
birds and their sounds and resulting affective appraisals (e.g. Mynott, 2009; Cocker, 
2013). Given that bird sounds appear to be related to affect and affective appraisals as a 
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function of the meanings that individuals and cultures attach to them, it is timely to 
explore further how associations might also relate to restorative perceptions.  
 
In considering the contributions of the properties above to restorative perceptions of 
bird sounds, parallels with music inevitably occur. As McDermott (2011) notes, music 
is frequently used in order to influence or regulate affect and arousal. Music comprises 
acoustic, aesthetic, and associative properties similar to, but also in many ways distinct 
from, natural sounds such as those made by birds. While both types of sound display 
variation in their complexity, pattern, and acoustic properties such as sound intensity 
and frequency, bird sounds differ in that their patterns occur only in short time-frames 
of around ten seconds (Thorpe, 1961). In addition, bird sounds lack the diversity of 
timbre afforded by the range of instruments used in pieces of music, formed as they are 
from a single instrument – that is, the syrinx of a bird. The overarching distinction 
between music and bird sounds is that the former is a sound that, while not specifically 
of the built environment, is designed by humans (McDermott, 2011), while bird sounds 
are naturally occurring and are an integral part of the natural, rather than anthropogenic, 
soundscape. This thesis recognises that similarities between music and bird sounds 
exist, but focuses on bird sounds on their own rather than in the context of the literature 
on music perception.  
 
1.3. Why Study Bird Sounds and Restoration? 
 
Studying relationships between bird sounds and restorative perceptions and outcomes 
has important implications, both for advancing understanding of the psychological 
benefits of nature and for practical applications of such knowledge in the form of 
conservation and environmental engagement. 
 
1.3.1. Implications for enhancing understanding of restoration in nature 
 
1.3.1.1. Multi-sensory experience 
To date, theoretical explanations of why natural environments offer individuals 
cognitive, affective, and psychophysiological benefits following stress and fatigue stem 
largely from a visuo-spatial perspective. In ART (Kaplan & Kaplan, 1989; Kaplan, 
1995), the construct of fascination – theorised to provide individuals with the 
opportunity to replenish directed attention – is developed in the context of visual 
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examples, with limited attention to sounds or other sensory experiences that might be 
found in either natural or urban environments. In the context of SRT (Ulrich, 1983; 
Ulrich et al., 1991), too, the contributions of auditory, haptic, and olfactory experiences 
to restorative perceptions and outcomes are understudied, with discussion of the 
perceptual properties that can influence affect and arousal generally limited to visual 
characteristics such as complexity, texture, and depth. Yet acoustic aspects of nature 
such as bird sounds can also capture individuals’ imagination through potentially 
restorative processes (Shaw et al., 2015) and these sounds possess correlates of the 
perceptual properties identified in restorative visual stimuli such as complexity and 
structure. Given the recent evidence that sounds can offer restorative benefits (e.g. 
Alvarsson et al., 2010; Annerstedt et al., 2013; Payne, 2013; Benfield et al., 2014; 
Medvedev et al., 2015) and the relative lack of focus in restorative environments 
literature on what it is about natural environments that facilitates restoration, further 
study of how and why acoustic stimuli such as bird sounds can be perceived as 
restorative is certainly timely. 
 
In this thesis, then, explanations for such restorative perceptions are sought in addition 
to the constructs presented in ART and SRT, looking not only at properties such as 
familiarity and complexity that have previously been implicated in visuo-spatial 
perceptions of preferable and restorative environments (Ulrich, 1983; Kaplan & Kaplan, 
1989), but also to acoustic and semantic, meaning-based properties. By studying 
relationships between these properties and restorative perceptions of bird sounds, one 
aim of this thesis is to broaden understanding of the mechanisms that underpin 
restorative perceptions of natural sounds such as birds. To do so is important given that 
not all individuals experience restorative environments through vision, either due to 
visual impairments (e.g. Shaw et al., 2015) or due to being in urban or built 
environments where the sounds of nature may be audible even if the sights of nature are 
absent. Studying relationships between specific acoustic properties (e.g. frequency and 
smoothness) and restorative perceptions is only possible at the level of an individual 
sound, so while this thesis acknowledges the importance of placing bird sounds within 
the wider context of soundscapes, it seeks only to understand how people perceive and 
respond to one type of sound – that is, birds. 
 
1.3.1.2. The role of associations in restorative perceptions and experiences 
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In addition to focusing on an understudied sensory modality, this thesis also broadens 
understanding of the role of associations in restorative perceptions and outcomes. As 
Pretty (2004) notes, the majority of literature on restorative environments focuses on the 
importance of perceptual properties in explorations of the mechanisms that underpin 
restoration, with little attention paid to the semantic values of environments and 
environmental stimuli beyond associations with the presence or absence of threat (e.g. 
Herzog & Rector, 2009; Andrews & Gatersleben, 2010; Gatersleben & Andrews, 2013). 
Study of the potential role of positive associations – whether instrumental/practical in 
nature, symbolic, stereotypical, or in relation to personal memories – appears limited to 
study of favourite places and place attachment, rather than being studied as an integral 
part of restorative environments (e.g. Korpela & Hartig, 1996; Korpela, Hartig, Kaiser, 
& Fuhrer, 2001). This is puzzling given that Ulrich (1983) comments on the potential 
importance of familiarity, memories, and personal associations in affective appraisals of 
restorative environments. 
 
In the context of bird sounds, in particular, relationships between associations and 
restorative perceptions may be particularly worthy of study because of the range of 
values attributed to animals, including both instrumental and symbolic uses (cf. Mynott, 
2009). In studying associations with birdsong and specific bird sounds, and the effects 
of manipulating these associations on ratings of restorative potential, the studies in this 
thesis aim to develop understanding of the role of meaning in perceptions and 
experiences of restorative environmental stimuli – and specifically bird sounds. 
 
1.3.2. Practical implications of the work 
 
1.3.2.1. Conservationists and policymakers 
The study of how individuals perceive and respond to bird sounds has important 
implications for conservation practitioners and how they engage with the public, as well 
as policymakers in this field. The presence of potentially relaxing or psychologically 
beneficial bird life has been used as a way of enticing visitors to engage with places of 
natural beauty and other heritage sites (e.g. Meikle, 2010) but this is hampered by the 
current lack of specific research on relationships between birds and psychological 
benefits. Given the national level of interest in engaging with birds through sound as 
well as sight (e.g. Barnes, 2011), it is important to understand whether these experiences 
can have psychological benefits in order to add weight to campaigns for public 
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engagement with nature, as well as policy decisions regarding planning and land use. 
The role of personal memories and associations is also of great relevance here, given 
that conservation and heritage organisations aim to improve bonds between people, 
place, and wildlife, and to generate positive memories of their visits and interactions 
with flora and fauna. By exploring the importance of memories in perceived benefits 
associated with bird sounds, this thesis can be informative to conservationists who 
would like to encourage visitors to return time and again to special places in their care 
or to contribute to the welfare of bird species resident in such places. 
  
1.3.2.2. Installations in built environments 
The practical applications of understanding relationships between bird sounds and 
restoration are not limited to the outdoors, or to experiencing bird sounds in situ – that 
is, in the context of nature itself. Several commercial, artistic, and therapeutic 
installations have been produced in recent years in order to bring birdsong into indoor 
spaces, with the aim of calming or soothing individuals, changing their behaviour, or 
simply creating an acoustic environment for people to wonder at (e.g. Milton, 2013). 
One common feature across these installations is that they lack information from 
systematic, academic study of the effects of bird sounds on individuals. The fact that 
bird sounds are so frequently chosen in order to influence affect or behaviour in built 
spaces suggests that there is something inherently engaging about this type of sound, a 
fact that is in stark contrast to the limited amount of scientific and systematic study of 
the psychological effects of listening to birdsong, either in the field, the laboratory, or 
other built settings. By understanding more about how people respond to bird sounds – 
and particularly such responses to bird sounds in isolation from wider soundscapes or 
natural environments – it may be possible to clarify whether and why individuals 
respond positively to such installations and to tailor them to better meet user needs. 
 
1.4. The Structure of the Thesis 
 
In the sections above it is argued that birds and their sounds are of great perceived value 
to the public. They feature heavily in the arts, humanities, and other social sciences such 
as sociology and ethnology, where they are frequently connected to concepts of pleasure 
and relaxation – concepts that have strong correlates with affective states experienced in 
restorative environments (Ulrich, 1983). Despite the perceived emotional importance of 
bird sounds as set out in these fields, they have been curiously neglected in 
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psychological studies of the restorative benefits of nature. Recent studies have explored 
the extent to which the sounds of nature, including birds, can aid subjective and 
objective recovery from stress and fatigue (e.g. Alvarsson et al., 2010; Jahncke et al., 
2011; Payne, 2013; Annerstedt et al., 2013; Benfield et al., 2014; Emfield & Neider, 
2014; Medvedev et al., 2015), but there is a lack of literature on whether bird sounds 
alone can generate such restorative benefits and reasons why this might be. This thesis 
addresses these gaps in the literature through a literature review in two chapters, five 
empirical chapters, and a discussion chapter. These are summarised in the sections 
below. 
 
Of the four studies described in this thesis, all were conducted in accordance with 
British Psychological Society and University of Surrey ethical guidelines. Study 4 
(Chapter Eight) was conducted with participants recruited from the University’s staff 
and student population, and as such a favourable ethical opinion was sought and 
received from the University Ethics Committee in relation to this study. 
 
1.4.1. Chapter Two: Psychological experiences of listening to natural sounds 
The literature review in this thesis is separated into two chapters. In Chapter Two, 
evidence for the psychological effects of exposure to nature, listening to the sounds of 
nature, and in particular listening to bird sounds, is reviewed. It is shown that bird 
sounds recur in quantitative and qualitative studies of multi-sensory experiences of 
nature, and are frequently related to affective appraisals and perceived change in affect 
and arousal. The theories of environmental restoration are then outlined and critically 
examined in the context of explaining restoration through auditory experience. It is 
argued that additional explanatory factors should be considered in the context of bird 
sounds and restoration. The literature reviewed here informed the development of Study 
1, a qualitative study of the perceived importance of bird sounds in restorative 
experiences, and individuals’ own explanations for why this might be. 
 
1.4.2. Chapter Three: Study 1 – Bird sounds and their contributions to perceived 
attention restoration and stress recovery 
Study 1 aimed to understand the contributions of sounds to individuals’ perceived 
restorative experiences of natural environments, and in particular to understand the 
relative role of bird sounds in such perceptions. This was achieved via a qualitative 
interview-based study with twenty participants. Birds were the type of sound most 
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frequently mentioned in the context of restoration from stress and fatigue. However, 
they differed in how restorative, pleasant, and arousing they were perceived to be, and 
this was related to the acoustic, aesthetic, and associative properties of the bird sounds. 
Perceptions of bird sounds’ restorative value were also related to cognitive appraisals, 
such as their ability to generate states of fascination and escape. Themes of interaction 
with nature, including transactional relationships and individual differences in 
connectedness to nature, were also revealed. This study demonstrated that bird sounds 
are perceived as particularly important in consideration of wider restorative natural 
soundscapes, but that there is variation in such perceptions between bird sounds. This 
study was published as a peer-reviewed paper by Ratcliffe et al. (2013). 
 
1.4.3. Chapter Four: Why are bird sounds perceived as restorative? The roles of 
acoustics, aesthetics, and associations 
In Chapter Four, further literature is explored in order to develop understanding of 
potential factors that might explain perceptions of bird sounds as restorative, as outlined 
in Study 1. This literature is drawn from work on acoustics and aesthetics, such as the 
work of Berlyne (1960, 1970, 1971), which spans acoustic properties such as frequency, 
sound intensity, and smoothness, and aesthetic properties of familiarity, complexity, and 
pattern; and also draws on work from the fields of ethno-ornithology and sociology in 
exploring associations with bird sounds. These associations include their instrumental 
meanings, personal meanings in the form of memories, and stereotypes formed on the 
basis of cultural experience and folklore. 
 
1.4.4. Chapter Five: Study 2A – Predicting the perceived restorative potential of 
bird sounds 
Chapters Five and Six respectively present quantitative and qualitative data collected in 
Study 2. For clarity these two types of data and their different methods of analysis have 
been separated into Study 2A and Study 2B. Study 2A sought to quantitatively test 
hypotheses suggested in Study 1; that is, that restorative perceptions of bird sounds as 
measured via perceived restorative potential (PRP) in response to a restoration vignette, 
and affective and cognitive appraisals, could be predicted by objective acoustic 
properties and subjective aesthetic properties. 
 
In an online questionnaire study, one hundred and seventy-four residents of the United 
Kingdom rated fifty bird sounds on PRP, affective appraisals of valence and arousal, 
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cognitive appraisals of fascination and being away, and aesthetic appraisals of 
familiarity, complexity, and pattern. Objective measures of acoustic properties were 
recorded for each bird sound. Regression analyses demonstrated that sound intensity, 
smoothness, complexity, familiarity, and pattern were significant predictors of PRP and 
affective and cognitive appraisals. This study provides novel insights into reasons why 
bird sounds may vary in their perceived restorativeness, and confirms exploratory, 
qualitative findings of relationships between such perceptions and certain acoustic and 
aesthetic properties, as reported in Study 1. Existing literature on acoustics and affective 
appraisals points to certain inferences regarding the meaning of different types of sound. 
However, since Study 2A was not able to quantify relationships between meaning and 
appraisals of bird sounds, these were explored qualitatively in Study 2B. 
 
1.4.5. Chapter Six: Study 2B – A qualitative study of associations with bird 
sounds, and their relationships with quantitatively measured perceived 
restorative potential 
Study 2B combined quantitative ratings of PRP gathered in Study 2A with qualitative 
data regarding associations with each bird sound, captured in the same online 
questionnaire setting. Thematic content analysis of associations with bird sounds, 
provided by one hundred and sixteen residents of the United Kingdom, revealed that 
bird sounds rated as high and low in PRP were related to different qualitative themes. 
Birds high in PRP were associated with familiar, green environments and positive 
personal memories. Birds low in PRP were associated with negative behaviours, 
symbols, and stereotypes, and perceptions of threat and lack of control. These findings 
indicate that differences in the PRP of bird sounds are related to different types of 
meanings associated with the sounds, highlighting the potential role of meaning in 
informing judgments of restorative potential, and the fact that sounds can generate 
associations with wider environments. Study 2B further indicates the importance of 
personal meanings, such as memories, in perceptions of restorative potential. This is a 
novel finding given that memories and imagination are understudied as a potential 
explanation for restorative perceptions and outcomes in response to elements of nature. 
 
1.4.6. Chapter Seven: Study 3 – Meaning and familiarity: Their effects on 
restorative perceptions of bird sounds 
Study 3 aimed to experimentally confirm findings from Study 2B of the importance of 
meaning and associations in perceptions of restorative potential. In an online survey, 
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one hundred and two residents of the United Kingdom rated eight bird sounds, each 
paired with a positive or negative meaning, on ratings of perceived restorative potential 
(PRP) and affective appraisals of valence and activation. Bird sounds paired with 
positive meanings were rated as significantly higher in PRP, more positively valenced, 
and less activating than those paired with a negative meaning. For PRP and valence 
scores, these differences were also significant when the meanings related to the 
presence versus absence of threat or the type of environment symbolised by the bird 
sound, whereas manipulating meaning affected ratings of activation regardless of 
whether the meaning related to environment, threat, bird behaviour, or the usefulness of 
the bird for humans. These findings highlight the role of positive and negative meanings 
attached to environmental stimuli in informing perceptions of their restorative potential. 
 
1.4.7. Chapter Eight: Study 4 – Effects of birdsong and traffic sounds on recovery 
from stressor tasks 
The laboratory experiment conducted in Study 4 aimed to examine whether exposure to 
bird sounds alone can generate restorative benefits after stress and fatigue, and how 
these benefits compare to exposure to a single type of sound from the built environment 
(traffic). In a repeated-measures design, thirty-six participants listened to birdsong and 
traffic sounds following stressor tasks. Listening to birdsong significantly reduced self-
reported negative affect whereas exposure to traffic sounds significantly increased 
negative affect. No significant differences were observed on self-reported positive affect 
or objective measures of attention and arousal. Qualitative data provided by participants 
indicated that the two types of sound generated perceptions of different environments 
and environmental imagery. This study demonstrated that restorative outcomes in 
response to birdsong alone may be limited to self-reported affective change, perhaps 
because exposure to one specific environmental sound alone is insufficient to generate 
restorative perceptions or sense of presence. However, the qualitative data indicate the 
novel finding that individuals may extrapolate from one type of sound to an imagined 
(non-)restorative environment in their mind’s eye. 
 
1.4.8. Chapters Nine and Ten: General Discussion and Conclusions 
In Chapters Nine and Ten the findings of the five empirical chapters in this thesis are 
discussed, particularly in the context of existing theories of restoration in nature and the 
visual-spatial focus apparent in literature that focuses on restorative perceptions and 
outcomes. The original contributions of the work are outlined, including their 
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implications for theory and further study of multi-sensory restorative environments, 
associative properties of such environments and the stimuli found within them, and 
greater focus on personal experiences in and of restorative nature. These chapters also 
discuss the limitations of the research, avenues of future research that could supplement 
and extend the work conducted here, and finally ways in which the research could 
benefit applied fields such as sound design and conservation practice. Chapter Ten 
draws this thesis to a close by presenting concluding comments and arguments. 
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Chapter Two 
Psychological Experiences of Listening to Natural Sounds 
 
2.1. Chapter Introduction 
 
This chapter examines the literature on psychological experiences of natural sounds, 
and in particular how listening to those sounds can generate perceptions and outcomes 
of restoration from stress and fatigue. In so doing, this chapter reveals that bird sounds 
occur repeatedly in examinations of human responses to natural soundscapes, 
supporting the case put forward in Chapter One that bird sounds in their own right are 
worthy of systematic study in the field of restoration in nature. The first part of this 
chapter discusses perceptions of natural sounds as valuable in environmental experience 
and perceptions of positive valence and restoration. Following on from this, literature 
regarding restorative outcomes in response to natural sounds is assessed. Finally, the 
main theoretical frameworks of restorative environments are examined in the context of 
in explaining restorative perceptions and outcomes in response to sounds. 
 
2.2. Perceptions of Natural Sounds 
 
There is now an abundance of literature on the psychological benefits of experiencing 
nature, from improved mood to reduced levels of arousal and increases in cognitive 
performance (e.g. Hartig et al., 1991; Ulrich et al., 1991; Hartig et al., 2003; Berman et 
al., 2008). Many such studies focus on the visuo-spatial experience of nature, utilising 
stimuli such as photographs or slideshows (e.g. Berto, 2005; Berman et al., 2008), yet 
listening to sounds of nature, including birdsong, is an integral part of environmental 
experience and appreciation (Mace, Bell, & Loomis, 2004). When multimedia or direct 
experience of nature is utilised in restoration studies, sounds are described but their 
contributions to experiences or perceptions of nature as restorative rarely receive the 
same attention as visual stimuli. However, interest in restorative soundscapes has grown 
in recent years (e.g. Alvarsson et al., 2010; Pheasant, Fisher, Watts, Whitaker, and 
Horoshenkov, 2010; Jahncke, et al., 2011; Annerstedt et al., 2013; Benfield et al., 2014; 
Emfield & Neider, 2014; Jahncke, Eriksson, & Naula, 2015; Medvedev et al., 2015). In 
these cases natural sounds tend to be considered as a group, and are frequently 
compared with sounds or soundscapes from the built environment. As a result, little is 
known about the specific types of natural sounds that individuals might find most 
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restorative, and why; and whether listening to these specific sounds might generate 
restorative outcomes on their own.  
  
Several researchers have now described a need for study of non-visual aspects of nature, 
such as sound, in order to enhance understanding of why and how nature can be 
restorative and to ensure that such research remains relevant to populations who do not 
experience nature primarily through visual means, such as visually impaired individuals 
(Depledge, Stone, & Bird, 2011; Shaw et al., 2015). Depledge et al. (2011) hypothesise 
that smells, sounds, and textures in nature, including the sounds of birds, may contribute 
to stress reduction, although the mechanisms through which these effects might occur 
are understudied. However, the available literature discussed in the following sections 
suggests that the sounds of nature are considered to be pleasant, or at least less 
unpleasant than sounds from the built environment; they contribute to tranquility and 
serenity; and they are judged to have restorative potential and to lead to some 
restorative outcomes, particularly in comparison to sounds from the built environment. 
 
In almost all studies of natural sounds and soundscapes, birdsong recurs as a 
characteristic type of sound that is perceived as pleasant and positive. However, not all 
types of bird sound are rated as equally pleasant or desirable (e.g. Björk, 1985; Bradley 
& Lang, 2007; Hedblom et al., 2014), leading to the question of whether such 
differences might also occur in their restorative potential. In this section evidence is 
reviewed which demonstrates that natural sounds are understudied in restorative 
environments literature given their potential value in increasing sensory awareness, 
inducing affective appraisals and affective change, and generating restorative 
perceptions and outcomes after stress or cognitive fatigue. This section also highlights 
the recurrence of birds as a type of natural sound described as particularly important to 
individuals in their restorative experiences of nature. 
 
2.2.1. Natural sounds heighten sensory awareness 
Sounds can play an important role in the way natural environments are perceived. 
Anderson, Mulligan, Goodman, and Regen (1983) demonstrated that when sounds of 
songbirds are either referred to or played to participants along with a descriptor or 
visual stimulus of a woodland, they enhanced perception of the environment to a greater 
extent than other, incongruous sounds from the built environment. This may be due to 
an increased sense of presence in the environment generated by greater sensory input 
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and awareness. Support for this argument comes from a body of qualitative work, 
described below, in which the experience of natural sounds is expressed as a desirable 
aspect of being in nature. 
 
Qualitative studies describe exposure to natural environments as a positively regarded, 
multi-sensory experience, whereas a lack of such multi-sensory aspects is regarded 
negatively. For example, following qualitative interviews with twenty wildlife tourists, 
Curtin (2009, p. 461) reported that participants experienced a heightened sensory 
awareness after wilderness trips to locations in Spain and California, USA. One 
participant described this in terms of vitality or an awakening: “I have seen and heard 
things in the natural world that I didn’t know even existed. It was as if my senses were 
coming alive...”. Curtin describes the sensory dominance of vision in the wildlife 
tourism experience, but notes that it is experienced in the context of other sensory 
modalities such as sound and smell. 
 
In a repeated-measures study of participants awaiting treatment at a stress clinic in 
Sweden, Kjellgren and Buhrkall (2010, p. 470) qualitatively explored differences in 
restoration after direct exposure to Swedish woodland and exposure to the same 
environment mediated through photographs, following a stress-inducing task. In the 
mediated exposure condition, themes regarding an absence of sensory input were 
prevalent, such as, “Missing the smells and sounds”. The absence of auditory input was 
related to potentially negative affective states such as loneliness: “I feel a lonely 
quietness”, although another participant framed the lack of sound in a more positive 
way: “Peace and quiet”. It is interesting to note that these participants perceived the 
absence of sound differently, suggesting that for some, the intrinsic quietness of nature 
may be desirable whereas for others nature is associated with a range of sounds. Themes 
of anxiety and lack of focus were also found in the mediated exposure condition, 
although these were not explicitly related to the lack of sensory stimuli. In contrast, 
themes from the direct exposure condition reflected increased sensory awareness 
(“After awhile I hear more and more sounds of nature” ... “My senses feel heightened 
now”; Kjellgren & Buhrkall, 2010, p. 469). 
 
The qualitative data from Kjellgren and Buhrkall’s (2010) study suggest that 
experiencing the mediated natural environment was unsatisfactory for some participants, 
to the extent that it caused varying perceptions of stress, boredom, and lack of 
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concentration. Kjellgren and Buhrkall (2010) suggest that this may be due to a lack of 
presence in the mediated environment, and this perspective is supported by participant 
comments in the study conducted by Annerstedt et al. (2013) regarding negative 
perceptions of a forest environment lacking in sounds. It is possible that the absence of 
multi-sensory stimuli may have contributed to this perception, and Kjellgren and 
Buhrkall’s (2010) qualitative data suggest that sounds such as birdsong may be 
particularly important when experiencing nature directly. 
 
Kjellgren and Buhrkall (2010) acknowledge that their study was conducted with a small 
sample that was predominantly female and was recruited from a population of 
individuals suffering from stress or burnout syndrome. Participants were also asked to 
reflect on the importance of spring for humans during the experiment, which may have 
caused participants to focus on aspects of the environment, such as birdsong, that are 
typically more noticeable in spring. As such, it is not clear whether these findings might 
generalise to larger samples with a less pronounced gender imbalance, or to those drawn 
from the general population rather than a clinical one, who have not been asked to 
reflect on aspects of nature such as springtime. 
 
In sum, exposure to aspects of nature beyond the purely visual – such as sounds and 
smell – appear related to a greater sensory awareness, immersion in, and sense of 
presence within nature. This immersion is described in positive terms by participants in 
qualitative studies such as Curtin (2009) and Kjellgren and Buhrkall (2010), whereas 
the lack of immersion offered by visual experience of nature only is seen as less positive 
in comparison (Annerstedt et al., 2013). These findings suggest that natural sounds may 
offer benefits to restorative perceptions and experiences by affording a greater sense of 
realism and immersion in nature, although it is not clear whether such experiences may 
be triggered by such sounds on their own. 
 
2.2.2. Natural sounds, and particularly bird sounds, are perceived as restorative 
Recent evidence suggests that natural sounds alone can be perceived as restorative and 
can contribute towards similar constructs such as serenity and tranquillity. For example, 
Payne (2013) produced a measure of the perceived restorativeness of soundscapes (the 
Perceived Restorativeness Soundscape Scale; PRSS) that differentiated between the 
perceived restorativeness of urban, urban park, and rural soundscapes in a lab setting, 
with the rural soundscape scoring more highly than the urban or urban park 
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soundscapes. Sounds in the rural condition were birds, water, and wind, in comparison 
to a mix of similar sounds plus construction and pedestrian sounds in the urban park, 
and traffic and pedestrian sounds in the urban condition. Similarly, Emfield and Neider 
(2014) observed that natural sounds of the sea and seagulls were rated as more relaxing 
than sounds from the urban environment, and Jahncke et al. (2015) observed that natural 
sounds enhanced perceptions of the restorative value of natural images, whereas built 
sounds did not. These findings indicate that these typical sounds of nature are 
considered more restorative than urban or man-made sounds, echoing the distinction 
found between visuo-spatial natural and urban environments (e.g. Ulrich et al., 1991; 
Hartig et al., 2003). 
 
Peace and quiet is an important part of being in nature, but this does not mean the 
presence of complete silence – rather, the absence of sounds from the built environment 
and the opportunity to hear sounds of nature. Often this is linked to the presence of 
biodiversity or species richness. For example, Grahn and Stigsdotter (2010) conducted a 
factor analysis of questionnaire data provided by Swedish residents. Their analysis 
revealed that eight perceived sensory dimensions underpinned experience of areas of 
urban green space. Of these, serenity of the space was the most preferred, with the 
presence of nature and species richness also highly preferred. These findings suggest 
that the quiet acoustic environment of urban parks, relative to built spaces, is important 
to people, but that so is the presence of a diverse range of wildlife. 
 
Grahn and Stigsdotter (2010) expand on this by suggesting that serenity is formed by 
the absence of stimuli from the built environment, and the presence of those from 
natural sources, such as the sounds of birds. This builds on Grahn and Stigsdotter’s 
(2003, p. 7) observation that areas of green space such as quiet parks, rated as helpful 
when feeling stressed or worried, do not lack sounds completely but feature “sounds of 
the wind, birds, water, etc.” Similarly, Björk et al. (2008, p. 3) note that serenity and 
lushness are desirable characteristics of natural environments, where serenity is defined 
as “sounds of wind, water, birds, and insects” and lushness as “a place rich in species”. 
On this basis, the presence of bird sounds seems characteristic of natural soundscapes 
and is linked to concepts of perceived restorativeness and related constructs such as 
tranquility, which merit further study. 
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2.2.3. Some, but not all, bird sounds are considered to be pleasant   
Evidence from environmental aesthetics and wilderness literature, discussed below, 
indicates that individuals generally perceive the sounds of nature to be pleasant. The 
sounds of animals, and particularly bird sounds, recur as pleasant types of natural 
sounds described in such studies. Kariel (1980) recruited individuals from the general 
public and a mountaineering population and found that both samples considered nature-
based sounds of wind, water, wild native fauna (including birds and insects) pleasing or 
agreeable, whereas the sounds of people and technology were considered neutral or 
acceptable at best and annoying at worst. Both samples found the top three sounds 
(wind, water, and wild animals) equally pleasant. Similarly, Anderson et al. (1983) 
observed that sounds such as wind, insects, and birdsong were most preferred amongst a 
range of natural, human, and mechanical sounds. More recently, Medvedev et al. (2015) 
integrated subjective ratings of environmental sounds and objective measures of stress 
recovery to show that ratings of natural sounds as pleasant were related to their ability 
to aid recovery from stress. 
 
Despite birds being perceived as a pleasant and preferred type of natural sound, there is 
evidence to suggest that not all birds are equal in such evaluations. In a ratings study of 
fifteen natural sounds, Björk (1985) found that the songs of chaffinches and other 
songbirds were rated as more pleasant than the calls of lapwings or gulls. Bradley and 
Lang (2007) measured one hundred and sixty-seven sounds on scales of pleasure, 
arousal, and dominance, of which twenty-one sounds were from natural sources such as 
animals (including birds), water, and wind. Some natural sounds, such as water and 
birds, scored relatively high on pleasure while others, such as growling, were rated as 
less pleasant, indicating that although natural sounds may generally be perceived as 
pleasant there is variation depending on the type of sound and its source. In Bradley and 
Lang’s (2007) study, bird sounds such as those of the robin and seagull were rated high 
on pleasure while others (chickens, rooster, and cuckoo) were not as highly rated. Bird 
sounds scored low on arousal, although the least arousing natural sound was water-
based. In their study, Hedblom et al. (2014) observed that combinations of bird sounds 
were rated as more pleasant than the sounds of a single species, which may be linked to 
positive perceptions of biodiversity. These findings suggest that not all sounds in nature 
– and not all birds – are subject to the same affective appraisals, and that variations in 
pleasure in particular may exist between the sounds made by different bird species.  
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Theoretical perspectives on restorative environments indicate a relationship between 
pleasure and restorative potential (Kaplan & Kaplan, 1989; Ulrich, 1983), and 
experimental studies suggest that preference is related to restorative potential (e.g. van 
den Berg et al., 2003), with work by Medvedev et al. (2015) making this link explicit in 
the context of restorative soundscapes. Given that birdsong features frequently in 
studies examining pleasantness and preference for different sounds, it would make 
sense to explore the contributions of this type of sound to restorative perceptions and 
outcomes. In addition, closer inspection of appraisals of the sounds from different bird 
species suggests that not all bird sounds may be regarded as equally pleasant, and such 
differences may also be reflected in how restorative they are perceived to be. These 
possibilities are addressed in Study 2A (Chapter Five), Study 2B (Chapter Six), and 
Study 3 (Chapter Seven). 
 
2.3. Restoration in Response to Natural Sounds 
 
2.3.2. Natural sounds are part of many restorative environments 
Natural sounds and the wider environments that they are drawn from are perceived to be 
restorative, but there is also a large body of evidence that such audio-visual experience 
of nature can generate a number of restorative outcomes following stress and/or 
cognitive fatigue, particularly in comparison to urban environments. The most well-
studied of these is change in self-reported affect, with a number of researchers reporting 
participant improvements in positive affect and reductions in negative affect and arousal 
following direct exposure to nature (e.g. Hartig et al., 1991; Hartig et al., 2003; Berman 
et al., 2008; Beil & Hanes, 2013; Tyrväinen et al., 2014) and nature experienced 
through audio-visual media (e.g. Ulrich et al., 1991; van den Berg et al., 2003; Kjellgren 
& Buhrkall, 2010; Jahncke et al., 2011; Annerstedt et al., 2013). A number of these 
researchers also examined effects of the physiological and cognitive effects of such 
environmental exposure, with natural environments found to reduce objective measures 
of arousal such as heart rate and blood pressure to a greater extent than urban 
environments (e.g. Hartig et al., 1991; Ulrich et al., 1991; Hartig et al., 2003; 
Annerstedt et al, 2013), and to improve performance on tasks designed to measure 
attention and/or working memory following cognitive fatigue (e.g. Laumann et al., 
2003; Hartig et al., 2003; Berman et al., 2008). 
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Natural sounds present in directly experienced environments used in these studies are 
often outlined, with birds recurring as a common sound, but their contributions to 
affective restorative outcomes are rarely examined in detail. In Hartig et al. (2003, p. 
111) “subjects could [...] hear birds and a stream” in the nature reserve. Auditory stimuli 
present in the urban environment are not discussed explicitly, but the authors note that 
the urban environment comprised streets with heavy traffic. As such, it seems likely that 
traffic sounds were a significant part of the soundscape in the urban environment. 
Equally, in Hartig et al. (1991, p. 17) the natural environment was “a park with a 
stream” and accompanying flora and fauna, suggesting that water sounds, along with 
sounds made by animals present in such an environment, may have been audible. In 
Berman et al. (2008) and Tyrväinen et al. (2014), sounds are not specifically mentioned 
but are likely to have been part of the environmental experience, particularly since the 
urban environment was described as “traffic-heavy” (Berman et al., 2008, p. 1208) and 
the park environment utilised in Tyrväinen et al. (2014, p. 3) contained “water 
elements”. 
 
When studying the effects of audio-visual exposure to natural versus urban 
environments, clear differences in the auditory content of these conditions also emerge. 
In Ulrich et al.’s (1991) experiment, the nature film condition contained the sounds of 
birds, light wind, and water, whereas the urban videos contained sounds of traffic, 
voices, and footfall. The natural environment film used by Laumann et al. (2003) 
contained sounds of ocean, birds, insects, and boats, in comparison to the sounds of 
cars, pedestrians, construction and street musicians heard in the urban environment film. 
Similarly, in van den Berg et al.’s (2003, p. 139) study, the nature film condition 
included sounds of “birds and other animals” and the urban videos contained sounds of 
“people and traffic”. In addition to categorical differences in sound type between these 
conditions, Ulrich et al. (1991) report that the soundscapes used in their natural 
environment conditions were quieter than those in their urban conditions, ranging from 
a sound pressure level of 42 to 64 decibels (dB SPL) in the former and from 52 to 93dB 
SPL in the latter. 
 
In their studies, the authors above did not specifically investigate the contribution of 
sounds to the restorative experience achieved through direct or mediated experience of 
natural versus urban environments, but more recent research on restoration through 
natural sounds (e.g. Payne, 2013; Benfield et al., 2014; Emfield & Neider, 2014; 
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Medvedev et al., 2015) gives rise to the argument that these stimuli may afford 
restorative benefits on their own. This may be in part due to their relative quietness in 
comparison to urban sounds (e.g. in Ulrich et al., 1991), since loud sounds are more 
closely related to arousal and annoyance than quiet sounds (cf. McDermott, 2011). Yet 
in their study where sound pressure levels were controlled between sound types, 
Medvedev et al. (2015) suggest that it is appraisals of the soundscapes and their content 
that may be more relevant for outcomes such as stress recovery. 
 
The content of the soundscapes may also be important for restoration through video 
experience, since the audio content included in studies such as Ulrich et al. (1991), 
Hartig et al. (2003), and van den Berg et al. (2003) was congruent with the video 
stimuli. These sounds portrayed acoustic elements of nature, such as wind, water, and 
birds, versus urban environments (traffic, pedestrians, construction sounds) in the same 
way that the videos were differentiated by their visual content. In support of this 
argument, Annerstedt et al. (2013) observed that experiencing a virtual reality (VR) 
forest environment with birds and water sounds together aided recovery from a social 
stress task (measured via change in heart rate variability) to a greater extent than 
experiencing the forest environment without sounds or no environmental experience. In 
explaining these findings Annerstedt et al. (2013) suggest that the forest without sounds 
may have been perceived as unrealistic or frightening, thus inhibiting stress recovery 
and again pointing to the sense of immersion and realism afforded by the presence of 
natural sounds. 
 
In the experiment conducted by Beil and Hanes (2013), a case also emerges for the role 
of sounds in restorative experiences of nature. Although participants reported subjective 
reductions in stress and higher perceived restorativeness in natural settings than in urban 
settings, the authors speculate that the lack of any significant differences between 
settings on physiological measures of stress recovery may be attributed to differences in 
the auditory aspects of these conditions. A soundscape of approximately 60dB SPL was 
observed in one of the urban conditions versus approximately 80dB SPL in one of the 
natural settings (the latter due to construction noise). Participants noted non-visual 
sensory experiences such as noise and smell, which Beil and Hanes (2013) acknowledge 
may have affected the restorative experience. The incongruence between the 
construction noise and the natural environment condition appears particularly relevant. 
Beil and Hanes (2013, p. 1263) describe a need to “control for ... [extraneous] variables 
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(e.g. noise, past exposures...)”, but given that factors such as sounds and past 
experiences associated with different environments are integral parts of environmental 
experience (cf. Ulrich, 1983), it seems sensible to explore the contributions that these 
factors play in restorative experiences, rather than merely trying to minimise them. 
These possibilities are explored within this thesis in Studies 1 and 2B, described in 
Chapters Three and Five respectively, and extended in Study 3 (Chapter Six). 
 
2.3.3. Experimental studies of natural sounds and restoration 
Studies exploring the restorative effects of natural sounds, separate from visual 
experience, have until recently been relatively limited. Jahncke et al. (2011) exposed a 
sample of forty-seven participants to two hours of cognitively fatiguing tasks, followed 
by a seven-minute restoration period in which they were exposed to audio-visual media 
of a river, audio media of a river only, silence, or high office noise. The river sounds 
were “shallow and slow” (Jahncke et al., 2011, p. 375) and were accompanied by 
infrequent bird sounds. While Jahncke et al. (2011) found mixed evidence for the role 
of river sounds in restoration from cognitive fatigue, it is notable that participants who 
experienced audio-visual media of the river self-reported having more energy than those 
who experienced river sounds only or the high noise condition, and both audio-visual 
and audio exposure to the river media resulted in higher self-reported motivation to 
work than exposure to office noise. Evidence for the effects of natural sounds on 
objective measures of cognitive performance are limited, with Emfield and Neider 
(2014) reporting no significant differences in cognitive performance after exposure to 
ocean and bird sounds, in comparison to urban sounds. Further research that builds on 
Jahncke et al.’s (2011) study and that of Emfield and Neider (2014) by utilising 
alternative measures of cognitive performance would be useful. 
 
Goel and Etwaroo (2006) observed that exposure to a recording of birdsong combined 
with classical music significantly reduced self-reported depression and anger in a 
sample of university students, both depressed and non-depressed. The aim of the study 
by Goel and Etwaroo (2006) was to evaluate the efficacy of bright light, negative ions, 
and auditory stimuli in changing mood state, and as such the study did not compare the 
effects of birdsong and music with other types of auditory stimuli. While its findings 
suggest that listening to birdsong, amongst other sounds, can have rapid effects on self-
reported mood, the study does not dissociate the effects of birdsong from the effects of 
music, a stimulus which is well-known to induce affective change (cf. McDermott, 
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2011, for a review). As such, it is unclear whether it was the birdsong or the musical 
aspect of the stimulus that was responsible for reductions in depression and anger 
scores. 
 
Alvarsson et al. (2010) compared stress recovery whilst listening to four minutes of 
natural and built sounds. Mean skin conductance level (SCL) was significantly lower 
when participants listened to birdsong and water sounds mixed together versus loud 
traffic noise, but not in comparison to quiet traffic noise or ambient environmental 
noise. Recovery of SCL towards baseline was fastest in the nature sound condition, and 
slowest in the high noise condition. No significant effects of condition were reported on 
heart rate variability, contrasting with more recent findings from Annerstedt et al. 
(2013) on the effects of audio-visual experience of nature on heart rate variability. 
Alvarsson et al. (2010) reported faster recovery in nature condition than quiet noise 
condition even though these were the same A-weighted SPL (50dBA), suggesting that 
differences in the loudness versus quietness of an acoustic environment may not be 
completely responsible for stress recovery. Instead, they suggest that the perceived 
pleasantness of the soundscapes may also be relevant and could pertain to their semantic 
content, rather than merely their acoustic properties. In an extension of this work where 
sound pressure levels were controlled at 64dB SPL across conditions, Medvedev et al. 
(2015) observed faster decreases in skin conductance level following stress when 
participants were exposed to bird and water sounds, in comparison to sounds from the 
built environment. 
 
Benfield et al. (2014) conducted a laboratory experiment in which 133 participants were 
exposed to a stress- and negative affect-inducing video and then listened to one of four 
conditions: natural sounds (birdsong and rustling leaves); natural sounds plus traffic; 
natural sounds plus voices; or a control condition with no audio present. Only in the 
natural sounds condition did participants show improvements in mood; these 
participants indicated that their mood had become significantly more pleasant, positive, 
and less tired, after listening to the sounds in comparison to after the stressor task, 
whilst participants in the other three conditions showed either declines or non-
significant increases. Their findings indicate that listening to birdsong and rustling 
leaves can improve mood after a stressor that made participants feel more unpleasant, 
but these natural sounds accompanied by urban/anthropogenic noise, or a non-audio 
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control condition, do not. The restorative effects of birdsong alone, or of natural sounds 
on self-reported arousal, are not known. 
 
The studies reviewed above indicate that natural sounds can generate certain restorative 
outcomes separately from visual exposure to nature, but this remains a relatively 
understudied area. In studies that experimentally examine the effect of listening to 
natural sounds on cognitive and affective restoration from negative psychological states, 
bird sounds are almost always included but never studied on their own. Qualitative 
work as described earlier in this chapter suggests that bird sounds in particular bring 
individuals pleasure and relaxation (Curtin, 2009; Kjellgren & Buhrkall, 2010), and 
indeed Medvedev et al. (2015) observed relationships between the perceived 
pleasantness of bird sounds and their ability to aid stress recovery. Other sound sources, 
such as wind and water, are also mentioned in the qualitative work discussed above and 
are often included in experimental studies, but it is birds in particular that individuals 
seem to form a connection with. There is also a lack of existing study of the role of 
wildlife in restorative environments. Indeed, several studies make a point of excluding 
animals from visual stimuli, yet fauna are as much a part of natural environments as 
flora. For this reason, this body of work focuses on the role of animal sounds, and 
specifically bird sounds, in restorative perceptions and outcomes, based on their 
perceived importance to individuals during nature experiences as shown by their 
prevalence in experimental and qualitative studies.  
 
2.3.4. Qualitative studies of natural sounds and restoration 
Qualitative research in particular indicates a relationship between the presence of 
natural sounds, and specifically bird sounds, and a state of positive affect relevant to 
restoration. In semi-structured interviews with eighteen rural-dwelling Portuguese 
participants, Pereira, Queiroz, Pereira, and Vicente (2005, p. 26) revealed a qualitative 
theme of “the feeling of joy provided by bird songs”. Similarly, Modelmog (2002) 
interviewed farmers’ wives in Ammerland, Germany, about their relationships with 
nature. One participant associated listening to birdsong with a positive affective state: 
“In my garden there blooms a sunflower. [...] Sometimes a bird sits on it and sings. This 
is happiness to me.” (Modelmog, 2002, p. 120). 
 
Qualitative research also shows that natural sounds, and particularly bird sounds, may 
aid perceived recovery from negative psychological states such as negative affect and 
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stress. For example, Kjellgren and Buhrkall (2010, p. 469) reported that participants 
responded to the sounds of nature with positive affective appraisals and perceptions of 
reduced arousal, with one participant noting, “The singing of the birds makes me feel 
relaxed” and another describing “calming sounds” heard in nature. In their qualitative 
study, Fredrickson and Anderson (1997, p. 31) found that a sample of twelve women 
reported direct experience of acoustic elements of nature as a particularly meaningful 
aspect of wilderness trips to Minnesota and Arizona, USA, and that sounds formed part 
of this meaning. As one participant observed, “It was so incredible being able to hear 
the birds, yeah, and just the crunching of animals all around us. ... The sounds of the 
forest, the snapping of the twigs, hearing the tiny sigh of the wind through the treetops 
at night.” 
 
For another participant in this study, sounds in nature generated less arousing 
perceptions: “I’d just stop and sit and smell the pine duff or listen to the wind, and it 
really comforted me ... although I can’t fully explain why. ... It made me feel like I had 
a home again, like I really belonged.” (Fredrickson & Anderson, 1997, p. 32). That this 
participant felt a sense of comfort in response to non-visual aspects of the natural 
environment, such as smell and sound, suggests that they may aid in reducing arousal, 
although the study did not presuppose a need for cognitive or affective restoration and 
as such restorative perceptions of these stimuli may change under different 
circumstances. The participants in this study were deliberately recruited due to their 
female gender and specific interest in wilderness recreation, in order to benefit from 
group cohesion and to understand the experience of individuals with this particular 
interest. As Fredrickson and Anderson (1997) note, this cohesion can lead to richer data, 
but it also limits generalisability. It is not clear whether similar findings would occur 
with a mixed gender group or amongst individuals who do not express a particular 
interest in wilderness recreation. 
 
Curtin (2009) also reported that participants associated sounds, and particularly bird 
sounds, with changes in psychological states. For one participant, birdsong was 
associated with a shift from negative to positive affect: “When you have not been 
sleeping and you wake up very early and you hear the dawn chorus and you hear the 
birds, you can suddenly in seconds feel uplifted...” (Curtin, 2009, p. 469). In Curtin 
(2009, p. 469), the change in affective state towards one of being “uplifted” was 
associated with birdsong in general and also with specific birds, such as the sound of the 
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owl: “... you suddenly get this sort of dawn chorus or you hear an owl at night. And you 
think, well, there’s nothing really to be depressed about because life’s quite good really.” 
(Curtin, 2009, p. 469). Here it seems that the sounds of birds generated positive affect 
for this participant because of their associations with all being well in the world. 
 
The restorative experiences of blind and visually impaired individuals in nature has 
been largely neglected in environmental restoration literature, perhaps due to the strong 
visuo-spatial focus of existing studies. However, Shaw et al. (2015) specifically 
examined the experience of visually impaired individuals in nature via semi-structured 
interviews. Thematic analysis revealed restoration as a key theme of their experiences in 
nature, with such benefits perceived from sensory experiences such as sound and smell. 
As well as the perceived quietness of nature, particularly in comparison to the built 
environment, water and bird sounds were frequently associated with positive, calming, 
and restorative experiences. One participant, Helen, noted that, “... you hear a lot of 
birds. That, that gives you a tremendous feeling of well-being [...] a much more 
peaceful feeling than you have when you are at home.” (Shaw et al., 2015, p. 8). 
 
Themes from Shaw et al. (2015) also suggest that qualitatively recorded experiences of 
restoration from natural sounds may align with theoretical perspectives on restorative 
environments. For example, listening to the sounds of ducks was related to feelings of 
escape and immersion, as one participant noted: “... you just sit and lose yourself, just 
switch off and listen intently to what’s going on...” (Shaw et al., 2015, p. 10). This 
participant also discussed the dynamic nature of birdsong that might relate to concepts 
such as fascination from attention restoration theory (ART; Kaplan & Kaplan, 1989; 
Kaplan, 1995): “things that hold my interest is if there’s a lot of diversity in that and 
things change after a while ... that some birds start where they didn’t before, so things 
change.” (Shaw et al., 2015, p. 13). These themes bear similarities to existing theoretical 
frameworks of restorative experiences, and indicate that natural sounds, and particularly 
birdsong, would benefit from further study. 
 
Together, these qualitative data indicate that natural sounds are related to, and often 
identified as the source of, perceived changes in affective and cognitive state. In 
particular, these affective changes appear to occur when an individual is in a negative 
affective state or a state of high arousal; for example, their effects are “calming” 
(Kjellgren & Buhrkall, 2010, p. 469). This suggests that such sounds of nature may 
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have restorative benefits because they can induce self-reported positive changes in 
mood state, in addition to merely being perceived as pleasant and as part of a tranquil, 
serene, or potentially restorative environment. It is notable that in this literature, bird 
sounds are discussed frequently as a source of positive affect and affective change. 
However, there is very little research to explain why birdsong might generate feelings 
of positive affect and wellbeing (cf. Shaw et al., 2015) and how this and other attributes 
of bird sounds might be related to restorative perceptions and outcomes. The work of 
Shaw et al. (2015) in particular suggests that imagination in response to sounds may be 
important in such explanations, and that this may merit further study amongst 
individuals who do not have visual impairment. 
 
2.4. Theories of Restoration in Nature 
 
Theoretical perspectives on environmental restoration have traditionally focused on 
either affective or cognitive processes; that is, measuring the benefits of experiencing 
restorative environments primarily in terms of affective, or emotional, outcomes, or 
cognitive outcomes such as enhanced attention. The former has come to be termed 
stress recovery theory (SRT; Ulrich, 1983; Ulrich et al., 1991) and the latter attention 
restoration theory (ART; Kaplan & Kaplan, 1989; Kaplan, 1995). While both theories 
go some way to outlining the distinct benefits to cognition and affect that can be 
achieved through exposure to nature, there is a limited amount of evidence 
demonstrating whether and how their respective constructs can be applied to natural 
sounds. Joye and van den Berg’s (2011) more recent processing fluency account (PFA) 
outlines potential cognitive processing mechanisms through which stimuli in nature 
may aid restoration, but these too are visually focused. Given the body of evidence 
reviewed in the previous section which suggests that natural sounds, and particularly 
birdsong, can be perceived as restorative, can add to restoration experienced directly or 
through multimedia, and can generate restorative outcomes in their own right, there is a 
need to understand which mechanisms might underpin such effects. SRT, ART, and 
PFA focus primarily on the visual perceptual properties of natural environments and the 
stimuli within them, with a lesser focus on semantic value in a psycho-evolutionary 
context. This section seeks to outline these theories and approaches, and areas in which 
additional constructs may be needed to explain restorative perceptions of bird sounds. 
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2.4.1. Stress recovery theory 
Ulrich (1983) and colleagues (Ulrich et al., 1991) propose a psycho-evolutionary 
framework of restorative environments, in which non-threatening natural environments 
are argued to generate psychological benefits after stress due to their adaptive 
significance throughout human history. This stress recovery theory (SRT) proposes that 
affective appraisals and reductions in arousal are primarily responsible for such 
benefits, with cognitive responses and evaluations framed as a secondary product. 
 
In Ulrich’s (1983) model, individuals experience environments in the context of their 
current affective state, which is itself a product of how one feels at that moment, how 
one has felt in an environment previously, and thoughts or cognitions that one might 
have in association with such an environment. Visual perception of the environment is 
then suggested to produce rapid affective responses based on preferences; that is, one’s 
like or dislike for such an environment, interest in it, and fear of it. These affective 
responses generate a change in arousal, with high levels of interest generating high 
levels of arousal, and moderate to low levels of interest reducing arousal or maintaining 
it at its current level. Ulrich (1983) proposes that affective responses are moderated by 
cognitive processes, which may include appraisals of challenge or threat and 
associations with prior experience. Together, this combination of initial affective 
response and secondary cognitive evaluation produces a post-exposure state of affect 
and arousal that then leads to behaviour in the environment, such as movement towards 
or further into it, staying in the environment, or leaving it. Ulrich (1983) and Ulrich et 
al. (1991) propose that the restorative potential of non-threatening natural environments 
is rooted in their ability to trigger preferential affective appraisals and affective states of 
reduced arousal and positive valence, which in turn leads to relaxation for individuals 
who are in a prior state of high arousal and negative affect. 
 
2.4.2. Attention restoration theory 
Attention restoration theory (ART) is an information processing account of why certain 
environments, and nature in particular, can aid recovery from what is termed “mental 
fatigue” (Kaplan & Kaplan, 1989, p. 178) and later “directed attention fatigue” (DAF; 
Kaplan, 1995, p. 170). Drawing on literature on the psychological benefits of wilderness 
experience, Kaplan and Kaplan (1989) suggest that restorative environments have four 
qualities or components that aid recovery from directed attention fatigue. Correlates of 
these components have been proposed in studies of restorative soundscapes and multi-
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sensory experience (e.g. Payne, 2013; Shaw et al., 2015), suggesting their potential role 
in explaining restorative perceptions and outcomes associated with bird sounds. 
 
The first of these components is a sense of being away. Kaplan and Kaplan (1989) 
frame this in terms of escape from everyday concerns such as interruptions, routine 
tasks, and/or mental effort. They argue that in nature this involves a physical shift into a 
different environment, but that novelty of location is not sufficient for a sense of Being 
Away – it is the sense of escape from “pressures and obligations” (Kaplan & Kaplan, 
1989, p. 190) that generates the restorative experience of being away. This is echoed in 
work by Laumann, Gärling, and Stormark (2001) in which psychological escape, but 
not novelty of environment or experience, was related to other restorative environment 
factors. 
 
The second component is fascination. Kaplan and Kaplan (1989) and Kaplan (1995) 
argue that nature is rich in stimuli that engage attention involuntarily, with no or 
reduced need for directed or voluntary attention. Since (over)use of directed attention is 
theorised to be the source of directed attention fatigue, it follows that stimuli which 
engage attention effortlessly may be potentially restorative because they offer the 
opportunity for distraction without effort. ART further expands on the nature of 
fascination by suggesting that it can be hard or soft. Hard fascination is less likely to be 
restorative because, while it captures attention effortlessly, it does so in a “powerful” 
way that does not leave room for reflection, while stimuli that afford soft fascination 
capture attention in an “undramatic” manner (Kaplan & Kaplan, 1989, p. 192). 
 
The exact nature of what might make something fascinating, either in a hard or soft 
manner, is not elaborated in depth by Kaplan and Kaplan (1989) or Kaplan (1995), 
although these authors offer several examples from both the natural and man-made 
world. Stimuli in nature such as sunsets, leaves in the breeze, and snowflakes are 
suggested to afford soft fascination, whereas sex, violence, and television are given as 
examples of hard fascination. However, Kaplan and Kaplan (1989) do give clues as to 
which components might form the fascination factor. They suggest that soft fascination 
may be engendered by only moderate levels of involuntary attention, indicating that a 
stimulus which captures one’s attention wholly or not at all may not leave room for 
reflection. They also suggest that preference may play a role, with pleasure being 
important in determining whether a stimulus is a source of soft fascination or not. They 
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argue that this is because experience of pleasant stimuli counteracts negative (“painful”, 
Kaplan & Kaplan, 1989, p. 192) states that one might currently be experiencing in a 
state in which restoration is required, thereby making reflection possible. 
 
Kaplan (1995) notes that fascination can be achieved through activity (process) as well 
as the presence or absence of a stimulus (content). He suggests that bird-watching can 
be a fascinating activity, and since sounds are often key in identifying birds (N’gweno, 
2010), it follows that listening to birds may also be fascinating. It is notable that when 
fascination is discussed by Kaplan and Kaplan (1989) and Kaplan (1995), it is framed in 
terms of examples that are drawn from the visual domain, but as Payne (2013) and 
Shaw et al. (2015) demonstrate, this concept and others from ART may also be 
translated into the auditory domain. 
 
Kaplan and Kaplan (1989, p. 184) describe a restorative environment as an extensive 
“whole other world”, and suggest that this extent concept comprises both scope and a 
feeling of connectedness or coherence. That is, a restorative environment should enable 
a visitor to feel as though there is much to discover and explore, and that is achieved 
through relationships between observed or experienced stimuli that combine to form a 
coherent and navigable environment. This coherence is proposed to limit demands on 
direction attention and thereby enable attention restoration. Kaplan and Kaplan (1989) 
note that extent does not necessarily imply sheer scale, suggesting that this property can 
be found in small environments, such as parks and miniature gardens, which 
nonetheless offer a sense of extent through the level of detail that is evident in them.  
 
Kaplan (1995) suggests that the importance of the extent quality is that it creates a 
cohesive whole – a perception of an environment rather than a mix of fascinating, 
escape-generating stimuli. In this sense it is possible to argue that listening to birdsong 
may not generate sufficient extent to be restorative, but given previous findings that 
restorative outcomes can be achieved through nature that has been mediated or distilled 
in some way – into a photograph or video (e.g. Ulrich et al., 1991; Berto, 2005), a sound 
recording (Alvarsson et al., 2010; Benfield et al., 2014), or even a pot plant, although 
mixed results for the efficacy of the latter exist (cf. Bringslimark, Hartig, & Patil, 2009) 
– it seems that restoration can be achieved by a stimulus drawn from a natural 
environment as well as that environment itself. Indeed, as Shaw et al. (2015) 
demonstrate, individuals who experience natural sounds and smells, but not sights, 
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extrapolate from these sensory aspects to build wider environments in their imagination. 
It is possible, but as yet unexplored, that listening to birds alone could generate similar 
benefits. 
 
The final component outlined in ART is compatibility, which emphasises the 
importance of congruency between an individual’s desires and the qualities of and 
actions demanded by an environment. Kaplan and Kaplan (1989) suggest that a 
restorative environment is one in which the environment supports the inclinations of an 
individual, while Kaplan (1995) proposes that a compatible environment provides 
feedback, is congruent with an individual’s desires, and is clear or unambiguous 
(thereby minimising the need for directed attention). Compatibility seems conceptually 
similar to, or predictive of, preference, in that if an environment or environmental 
stimulus is compatible with one’s aims it is also likely to be preferred. Given the 
evidence that bird sounds, amongst other sounds in nature, are widely preferred, it 
seems likely that they might also be compatible. However, this component also appears 
to incorporate elements of individual differences, in that individuals who are more keen 
on nature than others may experience natural environments as more compatible and 
potentially more restorative. This is a topic that arises in Study 1 and, although study of 
individual differences is beyond the scope of this thesis, it is discussed in further detail 
in Chapter Three. 
 
2.4.3. Attention restoration and stress recovery combined 
In his 1995 paper, Stephen Kaplan proposed a framework of restorative environments 
that integrates the antecedent conditions of stress recovery and attention restoration. In 
this framework, directed attention is posited as a finite resource that, when depleted, can 
lead to directed attention fatigue. This fatigue or “resource decline” (Kaplan, 1995, p. 
179) is argued to be either a precursor to or a consequence of stress, depending on 
environmental pressures. When a task or activity places demands on attention it reduces 
available attentional resources, such as the ability to inhibit non-salient stimuli or 
inappropriate responses, leading to performance decline and to stress responses. In other 
cases, Kaplan (1995) suggests that a stress response to an arousing, negatively valenced 
environmental demand that does not require attention can nevertheless deplete 
attentional resources, and therefore cognitive performance, by causing distraction. And 
in a third scenario, he proposes that environmental demands are both arousing, 
negatively valenced, and demanding of attention can produce stress responses and 
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directed attention fatigue in parallel by separately taxing these two domains. Kaplan 
(1995) further emphasises the potential for distinction between stress and attention 
fatigue by discussing how stress responses occur and dissipate rapidly, but attention 
fatigue takes longer to induce and, similarly, longer to be ameliorated (cf. Hartig et al., 
2003). 
 
The aim of the research contained in this thesis is not to compare stress recovery theory 
with attention restoration theory, or to seek to validate an integration of the two. 
However, in trying to understand whether bird sounds can be perceived to be 
restorative, or can generate restorative outcomes on their own, this research draws on 
these prevailing theories as frameworks to understand participant experiences. This is 
most visible in Study 1 where ART, SRT, and aesthetic concepts are related to 
participant responses regarding the perceived restorativeness of bird sounds. However, 
it was also clear from Study 1 that some additional factors that are not discussed in ART 
or SRT, such as acoustics, are important in restorative perceptions of these sounds. It 
was also apparent that personal memories and associations, also referenced by Ulrich 
(1983), were important to participants, as described earlier in this chapter. As such, a 
second body of literature is presented in Chapter Four, and it discusses whether these 
factors might also help to explain the restorative potential of bird sounds.  
 
2.4.4. Semantic versus perceptual properties: The processing fluency account 
Despite their opposing views on whether restoration is driven by affect or attention, 
both ART and SRT frame their explanations for the restorative benefits of nature in the 
context of psycho-evolutionary assumptions. That is, the environment in which humans 
evolved and become adapted for is assumed to be natural, rather than urban, and both 
Kaplan and Kaplan (1989) and Ulrich (1983) suggest that it is this type of environment 
in which human psychological function is optimal. In the context of SRT, Ulrich (1983) 
argues that natural environments that signify the presence of resources, such as green, 
open landscapes, foliage, and water, and the absence of threat, such as predators or wild 
animals, generate positive affect and reduced arousal, and concomitant restorative 
outcomes. SRT is explicitly based on psycho-evolutionary assumptions, suggesting that 
non-threatening nature in particular is restorative because it is the environment in which 
humans have lived for the vast majority of the species’ existence and it fosters feelings 
of safety. While ART is not explicitly formed on a natural- versus urban-environment 
dichotomy, many of the concepts that arise in the theory are taken from examples in 
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nature, such as the softly fascinating qualities of clouds and sunsets in comparison to 
examples of hard fascination drawn from the man-made environment, such as television 
and motor racing. 
 
Joye and van den Berg (2011) set out a critique of the evolutionary psychological 
approach to restorative environments, pointing out that the presence of resources and 
absence of threat in certain natural environments is not a logical explanation for why 
they might be restorative, although the reverse might certainly be true (that dangerous 
environments can be stressful and non-restorative). In their account, Joye and van den 
Berg (2011) propose an alternative explanation of why natural environments are 
generally considered to be more restorative, and produce greater restorative outcomes, 
than urban environments. In their perceptual fluency account (PFA), they suggest that 
unthreatening natural environments are structured in such a way that they are easily 
visually processed, and that this generates positive affect. In addition to inducing 
positive affect, this type of processing requires fewer cognitive resources, thereby 
accounting for the attentional benefits of experiencing nature proposed in ART (Kaplan 
& Kaplan, 1989; Kaplan, 1995). 
 
Joye and van den Berg (2011) synthesise concepts present in both ART and SRT in 
their account, suggesting that the use of involuntary attention invoked by fascinating 
stimuli in nature is conceptually similar to fluent processing, and that this is aided by 
the coherency of an environment. In particular, they discuss the role of fractals and 
fractality, present in nature to a greater extent than in the built environment, and suggest 
that the self-similar nature of fractal objects aids fluent processing by generating a 
complex whole that is formed from multiple versions of the same shape. This argument 
is in agreement with suggestions put forward by Ulrich (1983) and Kaplan and Kaplan 
(1989) that complexity is related to preference, and thereby restoration, in natural 
environments, but particularly when this complexity is accompanied by pattern or 
structure. The PFA also provides a flexible framework for examining the restorative 
potential of different environments and environmental stimuli based on their perceptual 
properties, rather than their intrinsic qualities as being either natural or man-made. 
 
Joye and van den Berg (2011, p. 266) note that their account should not be taken as a 
“paradigm shift” in explanations of why nature can be restorative after stress and/or 
attention fatigue; rather, that it synthesises concepts from existing theories. However, it 
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is notable that PFA focuses on the fluency of visual processing and how this is achieved 
by perception of the visual aspects of environments, rather than their multi-sensory 
properties. While PFA advances restorative environments study by moving beyond 
purely evolutionary psychology explanations, which are hard to test empirically, it does 
not explore the extent to which sounds in nature might also be fluently processed and 
how this might influence affect and cognition. Could the concepts of complexity and 
pattern, discussed in the context of self-similarity and fractality by Joye and van den 
Berg (2011), also be found in the sounds of nature and might they encourage restoration 
through fluent processing in the same way? 
 
In addition to being primarily visually focused, PFA says little about the associative or 
semantic properties of environment. While SRT discusses semantics, it does so in a 
generic manner, suggesting that green, unthreatening nature symbolises resources and 
adaptive significance (cf. Pretty, 2004). As emphasised previously, there is a lack of 
attention to both non-visual stimuli and to personal meanings and associations in the 
prevailing theories of restoration. There is a need to explore additional, semantic 
explanations for restorative perceptions and outcomes in response to bird sounds, which 
individuals associate with many levels of meaning (cf. Mynott, 2009; Cocker, 2013).  
 
2.4.5. Explaining restorative perceptions of bird sounds: Beyond existing theories 
The theories of environmental restoration outlined above focus predominantly on visual 
experience of natural environments. Ulrich (1983, p. 86) observes that “many sounds 
and smells in natural settings surely also influence our feelings” but due to lack of 
empirical evidence on sensory experience of restorative nature beyond vision in the 
1980s, SRT instead focuses on a conceptual framework that examines how visuo-spatial 
properties of the environment can influence affective appraisals and ultimately 
reductions in arousal. These properties include structural aspects such as visual 
complexity, pattern, depth of scene, surface texture, deflected vistas, and affordances of 
resources (e.g. water) and threats (e.g. predatory animals).  
 
ART and PFA take a similarly visuo-spatial approach, focusing on experiences of 
fascination and being away in the context of whole environments, and of ease of visual 
processing. In proposing four components of restorative environments, ART suggests 
that the restorative benefits of natural environments occur largely because nature 
provides opportunity for the recovery of voluntary, direction attention, and that this 
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occurs in synchrony with the use of involuntary attention as engaged through soft 
fascination. More recently, Payne (2013) has translated factors from ART into 
measurements of the perceived restorativeness of soundscapes. The research contained 
in this thesis examines whether certain ART factors relevant to specific sounds, such as 
Fascination and Being Away, can be applied to perceptions and experiences of bird 
sounds as restorative.  
 
This thesis argues that sounds can be perceived and evaluated as restorative or non-
restorative; for example, one can hear water and perhaps even predators as well as see 
them, and as discussed earlier in this thesis, birds in particular are often heard before 
they are seen (N’gweno, 2010; Barnes, 2011). Visually complex scenes may be 
mirrored – or, indeed, echoed – in acoustically complex soundscapes and specific 
sounds (Andringa & Lanser, 2013). However, there is a limited amount of existing 
study on whether the concepts outlined in SRT, ART, and the more recent PFA can be 
extended to acoustic experiences of nature, and whether other constructs relevant to 
sounds and soundscapes – such as acoustic and aesthetic properties of sound intensity, 
complexity, pattern, frequency, and smoothness – may also be relevant for affective 
appraisals and stress recovery. This is a possibility explored in Study 2A (Chapter 
Five). 
 
A second argument that is alluded to in SRT (Ulrich, 1983) but is not greatly explored 
in subsequent literature, is the potential relationship between semantic properties 
specific to an individual and restorative perceptions and outcomes in response to nature. 
At the end of his proposed framework, Ulrich (1983, p. 92-93) argues for a role of 
memory in cognitive and affective evaluations of natural environments, noting that: 
“Evaluation may be accompanied by memories and associations … thoughts as diverse 
as memories from a childhood vacation or an idea recalled from a poem”. Pretty (2004, 
p. 72) notes that while green environments in general have been shown to generate 
psychological benefits, these environments can differ in the extent to which individuals 
know and relate to them; that is, there may be differential restorative effects of 
environments that people are familiar with because of their associations with “memories 
and stories”, an argument supported by Beil and Hanes’ (2013, p. 1262) citation of 
participants’ “past memories of setting visits” as a potential factor in differing responses 
to environments. 
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In addition to the above, researchers studying the restorative effects of natural sounds 
and soundscapes have argued for a more interpretative, constructionist approach to how 
individuals perceive and respond to environments. Payne (2008) proposes that 
individuals experience natural soundscapes as a result of both bottom-up, perceptually 
driven processes and those that are top-down, based on existing preferences, attitudes, 
and cognitions, a stance that partially echoes Ulrich’s (1983) theorised interactions 
between cognitive and affective appraisals and prior experience. Taken together, these 
findings indicate that further study of the roles of semantic associations in restorative 
experiences would be timely, particularly in the context of bird sounds that generate so 
many associations for individuals, discussed further in the second part of this literature 
review (Chapter Four). 
 
2.5. Chapter Conclusions 
 
In this chapter a number of arguments are set out by reviewing the available literature, 
and they suggest that natural sounds, and particularly bird sounds, may be valuable in 
restorative perceptions and experiences of nature. However, this remains an 
understudied topic, and in particular there is little literature on what it is about natural 
sounds that might contribute towards or predict such perceptions. 
 
First, it is argued that natural sounds feature in the wider body of literature on 
restorative outcomes achieved by exposure to nature, particularly in comparison to 
urban environments, but their specific contributions to these restorative experiences are 
not frequently examined. Second, it is demonstrated that these sounds of nature are 
worthy of study in their own right because they can generate restorative outcomes such 
as change in self-reported mood and objectively measured arousal. Third, examination 
of the types of sounds used in these studies, as well as study of qualitative literature, 
reveals that bird sounds are perceived to be particularly important to people in the 
context of pleasure and restoration, but little is known about why this might be. As such, 
there is a need to examine the subjective and objective restorative value that sounds, and 
particularly bird sounds, have in restorative perceptions and experiences, and to 
understand the mechanisms responsible. Study 1 approaches this in the form of a 
qualitative exploration of the role of natural sounds in individuals’ imagined restorative 
experiences in nature. 
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This chapter has also reviewed the main theoretical perspectives on restorative 
environments – that is, attention restoration theory and stress recovery theory (Kaplan & 
Kaplan, 1989; Kaplan, 1995; Ulrich, 1983; Ulrich et al., 1991), as well as the more 
recent processing fluency account (PFA; Joye & van den Berg, 2011). In discussing the 
ways in which these theories and approaches propose that natural environments can 
promote recovery from stress and/or cognitive fatigue, it is observed that they largely 
approach restoration via a psycho-evolutionary approach taken from a visual 
perspective. This stance promotes nature as the environment to which humans have 
adapted throughout their (pre)history, and from which resources are gained in 
environments free from threat. Arguments from Joye and van den Berg (2011), however, 
indicate that evidence is lacking for the proposed restorative benefits of the presence of 
non-threatening nature, such as foliage and landscapes, rather than the simple absence 
of threat. Joye and van den Berg (2011) instead argue that it is the perceptual properties 
of natural environments that lead to their ease of processing and restorative benefits.  
 
Across these three perspectives, it is notable that vision and visual examples from 
nature dominate, and additional constructs may be needed in order to explain the 
perceptual and/or semantic mechanisms responsible for restorative perceptions and 
outcomes associated with bird sounds. This thesis proposes a nuanced approach, 
specific to auditory stimuli; one that incorporates acoustic and aesthetic properties of 
sounds, and one that is flexible enough to accommodate the associations and meanings 
that individuals draw on when making judgements about these sounds. These factors are 
explored in Study 1 (presented in Chapter Three), and following that further literature 
on these topics is reviewed in the second part of the literature review (presented in 
Chapter Four). 
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Chapter Three 
 
Study 1 
Bird sounds and their contributions to perceived attention restoration 
and stress recovery 1 
 
3.1. Abstract 
 
Natural environments, and particularly visual stimuli in nature, are usually perceived as 
restorative following stress and attention fatigue. Studies extending these findings to 
auditory natural stimuli have used soundscapes comprising multiple types of sound. 
Birdsong recurs as a type of sound used in such studies, but little is known about 
restorative perceptions of bird sounds on their own and how these may relate to existing 
theories of restoration. Via semi-structured interviews with twenty adult participants, 
bird songs and calls were found to be the type of natural sound most commonly 
associated with perceived stress recovery and attention restoration. However, not all 
bird sounds were regarded as helpful for such processes. Three themes formed the basis 
of these perceived relationships: affective appraisals, cognitive appraisals, and 
relationships with nature. Sub-themes of the acoustic, aesthetic, and associative 
properties of bird sounds were also related to restorative perceptions. Future studies 
should quantitatively examine the potential of a variety of bird sounds to aid attention 
restoration and stress recovery, and how these might be predicted by acoustic, aesthetic, 
and associative properties, in order to better understand how and why sounds such as 
birdsong might provide restorative benefits. 
 
3.2. Introduction 
 
As noted in Chapter One, birdsong is an almost universal part of our experience of the 
outdoors, with almost six hundred species of bird native to the United Kingdom and 
many of these found in cities as well as in the countryside. Even though the visibility of 
                                                
1 This chapter has been published as a peer-reviewed paper, as follows: Ratcliffe, E., Gatersleben, B., & 
Sowden, P. T. (2013). Bird sounds and their contributions to perceived attention restoration and stress 
recovery. Journal of Environmental Psychology, 38, 221-228. Some minor modifications have been made 
in order to prepare the paper for inclusion in this thesis.  
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avifauna may be limited, particularly in urban environments, their songs and calls make 
it easier to identify their presence (N’gweno, 2010; Barnes, 2011). Bird sounds feature 
commonly in studies that explore attention restoration and stress recovery via natural 
sounds and soundscapes (e.g. Alvarsson et al., 2010; Benfield et al., 2014; Emfield & 
Neider, 2014; Medvedev et al., 2015) and particularly perceived restorativeness (e.g. 
Kjellgren & Buhrkall, 2010; Payne, 2013; Jahncke et al., 2015), but to date there is a 
lack of study regarding reasons why bird sounds might be perceived as restorative. To 
this end, the present study aimed to qualitatively explore the restorative potential of bird 
sounds after imagined cognitive fatigue or stress. Given the lack of previous research on 
attention restoration or stress recovery and bird sounds in particular, a qualitative 
approach was chosen in order to explore and identify reasons for participants’ 
restorative perceptions of bird sounds in their own words, and how these might relate to 
existing theories of attention restoration and stress recovery. 
  
3.2.1. Theoretical perspectives 
Both direct and indirect experience of nature has been shown to generate cognitive, 
affective, and psycho- physiological benefits following stress and attention fatigue (e.g. 
Berman et al., 2008; Hartig et al., 2003; Ulrich et al., 1991). Theoretical explanations 
for these benefits are drawn from two main frameworks; attention restoration theory 
(ART; Kaplan & Kaplan, 1989; Kaplan, 1995), which posits an information-processing 
approach to restorative experiences, and stress recovery theory (SRT; Ulrich, 1983; 
Ulrich et al., 1991), which suggests that affective appraisals of one’s environment are 
responsible for restorative outcomes. 
 
Attention restoration theory (ART; Kaplan & Kaplan, 1989; Kaplan, 1995) suggests 
that cognitive and affective benefits of exposure to nature arise through replenishment 
of the cognitive resources required to direct or sustain attention over an extended 
period. Such replenishment is proposed to occur through use of effortless attention, 
enabling recovery of resources required for sustained or directed attention. Kaplan and 
Kaplan (1989) suggest that this effortless attention is engaged through stimuli that are 
fascinating, and particularly those that encourage what is termed soft fascination – in 
other words, they do not occupy all of an individual’s attention but provide opportunity 
for reflection. Kaplan (1995) also notes that fascination may be necessary but not 
sufficient for complete restoration: these fascinating stimuli should be part of an 
environment that generates a sense of being away, or psychological escape from 
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demands on directed attention; is compatible with one’s aims and desires for a 
restorative experience; and offers sufficient extent to explore the environment. By 
qualitatively exploring reasons why birdsong might be regarded as restorative, this 
study aimed to explore whether such phenomena might be explained by aspects of the 
ART framework, as well as stress recovery theory as discussed below. 
 
Ulrich’s (1983) stress recovery theory (SRT; see also Ulrich et al., 1991) also draws on 
evidence of the benefits of natural environments and how they can facilitate reductions 
in physiological arousal following stress. These benefits, and associated improvements 
in positive affect and attention, are argued to arise as a function of interest in and 
positive affective appraisals of natural environments that possess certain adaptive 
qualities. These qualities may be aesthetic, such as the levels of complexity, pattern, 
depth, and surface texture within an environment, or semantic, such as the absence of 
threat and presence of resources. Ulrich (1983) argues that positive appraisals of such 
environments and subsequent reductions in arousal and negative affect may lead to 
recovery from stress and associated attention depletion. 
 
In his 1983 work Ulrich noted that previous studies on the affective benefits of exposure 
to natural environments, leading to the development of his psycho-evolutionary SRT 
framework, had focused largely on visual responses. However, Ulrich draws on the 
work of Berlyne (1960, 1971) in proposing relationships between interest, arousal, and 
aesthetic properties such as complexity and pattern. Berlyne’s own work on these 
collative variables was not limited to visual stimuli but also included sounds, and as 
such it is reasonable to suppose that interest in, and affective appraisals of, natural 
sounds might also be explained in part by their aesthetic properties. Furthermore, given 
suggestions by Morton (1977) and Tsai et al. (2010) that acoustic properties of animal 
sounds such as smoothness, intensity, and pitch may be related to the presence or 
absence of threat associated with these sounds, it is possible that such properties might 
influence affective appraisals of bird sounds and their subsequent ability to facilitate 
perceived recovery from stress in a similar way to visual structural properties. 
 
Although ART and SRT were used as frameworks to guide thematic analysis where 
appropriate, this study did not compare the validity of the two theories; rather, they 
were used as tools in order to develop an understanding of perceptions of bird sounds 
within existing theoretical parameters and to relate reasons for restorative potential to 
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existing theorised processes. However, aspects of participants’ experiences that are not 
addressed by ART or SRT are highlighted and discussed. 
 
3.2.2. Natural sounds and restoration 
Despite the predominantly visual focus of existing literature on perceived and actual 
attention restoration and stress recovery in nature, recent research suggests that natural 
sounds can be perceived as restorative. Payne (2013) observed that a rural soundscape 
was perceived to be higher in restorative potential than soundscapes from a park or an 
urban setting. Kjellgren and Buhrkall (2010) noted that participants responded 
negatively to the lack of non-visual natural stimuli when experiencing nature through 
video-recordings as opposed to direct contact, with one participant describing 
themselves as “missing the smells and sounds” of nature, while another described it as 
being “too quiet” (Kjellgren & Buhrkall, 2010, p. 470). In addition, Shaw et al. (2015) 
identified the sounds of nature as potentially restorative amongst a sample of visually 
impaired participants. This suggests that natural sounds may contribute to the 
restorative experience. 
 
Jahncke et al. (2011) studied attention restoration following fatigue in office settings, 
and found that exposure to a natural soundscape (river and bird sounds) enhanced self-
reported motivation to work to a greater extent than did listening to office sounds. In the 
context of SRT, natural sounds (e.g. birdsong and running water) have been rated as 
more pleasant than sounds from the built environment, can induce faster recovery from 
stress as measured by skin conductance level, and can more effectively improve 
affective states (Alvarsson et al., 2010; Benfield et al., 2014; Medvedev et al., 2015). 
Together, these studies indicate that natural sounds and soundscapes may facilitate 
affective and physiological recovery from stress and negative mood, yet they do not 
explore why such sounds might be beneficial or whether specific sounds in nature may 
offer restorative potential on their own. Bird sounds are common to the soundscapes 
used or described in the studies listed above, and their prevalence suggests that they 
may merit further study.  
 
3.2.3. Bird sounds and perceptions of attention restoration and stress recovery 
Participants in previous studies on natural stimuli have commented specifically on their 
positive appraisals of birdsong; for example, in Kjellgren and Buhrkall’s (2010, p. 469) 
study a participant notes, “The singing of the birds makes me feel relaxed,” and a 
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participant in Fredrickson and Anderson’s (1999, p. 31) interviews on wilderness 
experiences reports, “It was so incredible being able to hear the birds...”. However, little 
attention has been paid to reasons why birdsong might be perceived as beneficial for 
stress recovery or attention restoration, and indeed whether such perceptions may vary 
between different types of birds. In the studies cited above, birdsong or bird sound is 
used as a general descriptor for the sounds used, yet this is not a uniform stimulus and 
listeners may perceive different bird sounds in varying ways. For example, the sounds 
of songbirds are perceived as pleasant yet calls of gulls are not (Björk, 1985), and such 
differences could lead to variation in restorative perceptions, particularly in light of 
SRT’s focus on affective appraisals. Bird songs and calls can vary in complexity and 
pattern, just as visual natural stimuli do, and as such variation in restorative perceptions 
may in part be explained by aesthetic properties as proposed by Berlyne (1960, 1971) 
and by SRT (Ulrich, 1983; Ulrich et al., 1991). Equally, different birds produce 
characteristic calls and songs that vary in acoustic properties such as pitch, intensity, 
and roughness. Given arguments that such properties may serve as symbols of a bird’s 
size and aggressive intent (Morton, 1977; Tsai et al., 2010), it may be that certain bird 
calls symbolise threat that, according to SRT, would increase arousal and reduce 
perceptions of stress recovery. However, research that explores such potential reasons 
for variation in restorative perceptions of different bird species is currently lacking. 
 
Different bird species may also symbolise phenomena that are specific to an individual 
or a culture; for example, Mynott (2009) and Cocker (2013) note that owls may be 
associated with positive attributes (wisdom) as well as negative (death), and that British 
perceptions of robins as positive and cheerful signs in the depths of winter may be at 
odds with traditional European folklore which associates robins with death and 
sacrifice. Individuals may learn to associate the sounds of particular birds with their 
practical or instrumental meaning; for example, pigeons on city streets are often seen as 
negative or an annoyance, and it may be that their sounds take on these properties by 
association. Extrapolating from this, one could argue that not all bird sounds may be 
perceived as restorative, and not all listeners may find them restorative. As such, it 
seems sensible to explore how different associations with different birds and their 
sounds might influence the extent to which they are considered beneficial for 
restoration. 
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3.3. Aims 
An exploratory qualitative study was conducted in order to understand the extent to 
which bird sounds related to perceptions of attention restoration and stress recovery in 
natural environments. These sounds, and mechanisms through which they might 
produce such benefits, were identified through semi-structured interviews with a sample 
of adult residents of the United Kingdom. Transcripts were analysed using a version of 
thematic analysis (Hsieh & Shannon, 2005; Braun & Clarke, 2006) in order to identify 
themes that might underpin relationships between bird sounds and perceived restoration, 
and to relate them to existing theories. Relationships between natural sounds and 
creativity were also explored in the interviews, but these fall beyond the scope of this 
thesis and are not discussed here. 
 
3.4. Method 
 
3.4.1. Participants and design 
A volunteer sample of twenty adults (ten male and ten female) resident in South East 
England took part in individual semi-structured interviews. The interviews were 
advertised as part of a study on how people felt about their surroundings. Participants 
were recruited through a combination of advertising online (nine participants), locally 
distributed flyers (one participant), and snowball sampling amongst academic networks 
(ten participants). Ages ranged from 22 to 74 (M = 49.54 years, SD = 18.12), and 
participants were recruited according to age quotas comprising at least three males and 
three females in each of the following age brackets: 18 – 44; 45 – 64; and 65 years or 
older. These brackets were informed by age groups used in Office for National Statistics 
(ONS; 2011) population estimates. Fifteen participants were British, four were dual 
nationality (British/Irish, British/Indian, British/Turkish, and British/Portuguese), and 
one was Ukrainian. All had been resident in the UK for at least three years. Three lived 
in rural areas, ten in suburban areas, and three in urban areas. Participants were not 
compensated for their time. 
 
3.4.2. Measures 
 
3.4.2.1. Semi-structured interview schedule 
Semi-structured interviews were guided by a schedule of open-ended questions (see 
Appendix A). The schedule opened with a warm-up section that prompted participants 
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to discuss their favourite place and why they liked it. Participants were then asked to 
imagine two separate scenarios; one of directed attention fatigue, and one of stress and 
negative affect, modified from those used in Staats, Kievet, and Hartig (2003) and 
Staats and Hartig (2004). In each scenario, participants were asked what kinds of places 
would facilitate their recovery. Prompts were used as necessary in order to encourage 
participants to consider whether a natural environment such as a park, garden, forest, or 
the beach, and which sensory aspects of it, might help, and conversely which aspects 
might hinder restoration and stress recovery. Nine participants were asked to respond to 
a stress recovery scenario and then an attention restoration scenario, and this order was 
reversed for eleven participants so as to control for exhaustion of responses early in the 
interview. 
 
3.4.3. Procedure 
After providing informed consent and demographic details, participants completed the 
semi-structured interview and were then thanked and debriefed. All participants were 
interviewed in a one-to-one setting where possible, such as the participant’s own home, 
or else in quiet spaces such as a laboratory. Interviews lasted between twenty and fifty 
minutes, and were audio-recorded and transcribed verbatim. The names of participants, 
third parties (e.g. participants’ friends and family), and locations were removed in order 
to protect confidentiality. 
 
3.4.4. Analysis 
Interview transcripts were analysed through thematic content analysis (Hsieh & 
Shannon, 2005; Braun & Clarke, 2006), enabling identification of key themes that were 
then related to attention restoration theory (ART; Kaplan & Kaplan, 1989; Kaplan, 
1995) and stress recovery theory (SRT; Ulrich, 1983) where appropriate. This approach 
was chosen in order to ground findings of perceptions of bird sounds within the data, 
but also to use the existing frameworks as tools to facilitate understanding of 
participants’ perceptions of bird sounds without constraining their interpretation. The 
active role of the researcher in identifying themes within the transcripts is 
acknowledged as an integral part of the analysis (Braun & Clarke, 2006). Thematic 
content analysis was judged to be appropriate because of the exploratory nature of the 
study, and the relative lack of literature on the contribution of audio, and particularly 
bird sounds, to perceptions of attention restoration or stress recovery in nature. 
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Individual transcripts were read thoroughly and repeatedly in order for the researcher to 
become immersed in the data. Text was highlighted where it related to participants’ 
responses regarding natural sounds and restoration, in order to generate codes regarding 
key concepts. These codes were supported by the researcher’s comments and reflections 
made whilst reading the text. After all relevant codes had been extracted they were 
grouped into categories and broader themes. Categories and themes were related to 
existing theories (ART and SRT) where applicable. This process occurred for each 
transcript, and new themes that emerged from later transcripts were related back to 
previous transcripts. Finally, a list of themes and categories that commonly occurred 
across transcripts was generated in order to describe shared experiences amongst 
participants. Themes that did not occur commonly but still provided insight into 
experiences and perceptions of natural sounds are also presented below. Texts relating 
to ART and SRT were analysed separately, but are presented together below due to 
overlap in themes and participants’ tendencies to use terms relating to stress and 
attention fatigue interchangeably. 
 
3.5. Results and Discussion 
 
One hundred and eighty-six instances of natural sounds in relation to attention 
restoration and stress recovery were identified across the twenty transcripts. Content 
analysis revealed that bird songs and calls were the most commonly mentioned sounds, 
accounting for 35% of sounds mentioned, followed by water (24%), non-avian animals 
(18%), weather (12%), and other sounds such as interaction with nature and silence 
(11%). As such, birds seemed to be the most salient source of restorative sounds in 
natural environments discussed by participants, and thematic analysis was conducted on 
responses relating to bird sounds only. Three themes were identified as potential 
contributors to relationships between bird sounds and perceived restoration and stress 
recovery: affective appraisals, cognitive appraisals, and relationships with nature. These 
themes are discussed individually below. 
 
3.5.1. Affective appraisals 
Participants’ affective appraisals of different bird sounds were related to how helpful or 
unhelpful they believed these sounds would be during restoration from attention fatigue 
and stress. In several cases participants used specific bird species as exemplars. Bird 
sounds that generated positively valenced or pleasant appraisals were judged to be 
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helpful, whereas those that generated negatively valenced appraisals were not. Bird 
sounds associated with perceived attention restoration and stress recovery also tended to 
generate affective appraisals of low arousal, although this was not always the case. 
These appraisals may be formed on the basis of associations with the bird sound as well 
as its acoustic properties. Relationships between affective appraisals of bird sounds and 
their perceived restorative value may align with Ulrich’s (1983) SRT approach, in that 
the positive or negative valence of hearing certain bird sounds was related to how 
restorative they were perceived to be. These appraisals focus on feelings of safety and 
happiness versus feelings of threat and danger, with the former judged to be more 
restorative. 
 
3.5.1.1. Positive valence and low to moderate arousal 
 
3.5.1.1.1. Associations 
Bird sounds that were associated with pleasant events or stimuli were felt to be helpful 
for attention restoration and stress recovery because they generated positive affective 
states and were associated with memories of positively valenced times and places. For 
several participants these associations related to the enjoyment of childhood and were 
focused on specific bird sounds, as Participant L notes: 
 
I think it's the wood pigeon. That kind of reminds me of summer and sort of 
long, hot summers and so when I hear that sometimes it takes you back and you 
feel, like, you know-, so your childhood-, nice, yeah... 
 
Birdsong was also related to perceived stress recovery through associations with states 
of low activation or arousal. For Participant M, birdsong was equated with states of both 
positive valence and low arousal, and this aided his perceived relaxation from stress. 
 
I love the sound of birdsong, by the way. That's beautiful for when you're trying 
to relax. ... I guess it's peace, isn't it? It's serenity, to hear birdsong. 
 
3.5.1.1.2. Acoustics 
Appraisals of positive valence and low arousal were also related to the sound itself and 
its acoustic properties. Participant Q felt that the sounds made by chickens would 
generate a state of comfort, which would help her to relax following stress.  
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Chickens. I dig in the garden and they come and I throw them the slugs and they 
go buk-buk-buk. And it's a very comfortable, chatty sort of sound. 
 
Participant T reflected on the melodious acoustic properties of birdsong, and related 
these to the positive valence she achieved through listening to it, although not 
necessarily low arousal. 
 
Well, it's so tuneful. It starts to make you think about music and how music is 
put together. ... I don't know, I just like the sound of birds singing. I just like the 
sound of them. Makes me feel happy, I suppose. 
 
3.5.1.2. Negative valence and high arousal 
 
3.5.1.2.1. Associations 
Bird sounds that generated affective appraisals of negative valence and/or high arousal 
were considered to be unhelpful for attention restoration and stress recovery. For several 
participants this was tied to a particular species, the magpie, whose sound was 
associated with negatively valenced meaning; that is, aggressive behaviour towards 
other birds. For Participant U, these associations were perceived to generate stress and 
would detract from relaxation. 
 
... when a magpie's very raucous it means it's probably being aggressive to 
something else, and therefore that's a stressful sound because it's against 
something. It's antagonising another bird, attacking another bird. 
 
Participant I felt that certain bird sounds, such as owls hooting, would be unhelpful for 
stress recovery because they would generate negative affective states such as fear in 
relation to himself, rather than the welfare of other birds. 
 
Well, any squawky birds. Ones that go, 'Rarr! Rarr!', you know? I don't know if 
there are any birds like that, there probably are. ... But these are all archetypal 
spooky sounds. Screeches, owls hooting, branches cracking. ... Because they're 
frightening. 
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This participant described hooting owls as negative archetypes, suggesting that he 
considered his negative appraisal of this type of sound to be common to other 
individuals. However, Mynott (2009) notes that owls can have other, positive archetypal 
associations, including wisdom, and that the symbolism of bird species can vary 
depending on cultural context. As such, it may be more valuable to focus on meanings 
attached to bird sounds by individuals, rather than making generalisations. 
It is also notable that certain bird sounds may be liked, but may not be considered 
helpful for restoration or stress recovery. Participant Q commented that the sounds 
made by red kites would not help her to relax. For her, these sounds were highly 
arousing and negatively valenced, in that they afforded negative symbolic meanings of 
aggression. Although she stated that she liked these sounds, and while sounds need not 
be positively valenced to be liked (see Hunter & Schellenberg, 2010, for a discussion on 
valence and liking in music), her response suggests that liking may not be sufficient for 
a sound to be restorative: 
 
And often the red kites, again, will be wheeling overhead, so I hear them. ... I'm 
not sure it's relaxing, actually. I like it, but I don't think it's a relaxing sound 
because it's quite an aggressive sound... yeah, it's the symbol of them, the power 
of them. 
 
3.5.1.2.2. Acoustics 
Certain birds, such as crows and magpies, were also perceived to generate affective 
appraisals comprising negative valence and moderate to high arousal as a function of 
their acoustic properties such as harshness and loudness. These appraisals were related 
to perceptions of the sounds being unhelpful for restoration or stress recovery. 
Participant U described these qualities as irritating and therefore generating appraisals 
of moderate to high arousal: “Irritating birds ... Maybe magpies, which can be very 
raucous...” However, Participant T viewed these qualities in terms of negative valence 
rather than arousal: “The noise that crows make is pretty horrible, actually. It's that sort 
of squawking noise. But I wouldn't think it would stress me, it's just unpleasant really.” 
 
Taken together with Participant U’s earlier observation that the raucous sound of a 
magpie is associated with its aggressive behaviour, it may be that the acoustic and 
associative properties of bird sounds are not wholly dissociable. Just as Ulrich (1983) 
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suggests that certain structural properties of a natural landscape may be related to their 
adaptive benefits and resulting affective appraisals and restorative value, so too may 
acoustic properties of bird sounds represent their adaptive value or meaning to a 
listener; for example, that rough, loud sounds are associated with aggressive animals or 
animal behaviours (Morton, 1977; Tsai et al., 2010), and as such may be viewed as 
unpleasant and potentially unhelpful for attention restoration or stress recovery. 
 
3.5.2. Cognitive appraisals 
In addition to affective value, perceptions of bird sounds as restorative or non-
restorative were also influenced by participants’ cognitive appraisals of the sounds. 
These appraisals centred on bird sounds as a source of alternative focus during stress 
and attention fatigue that could distract one from problems at hand, and as a novel 
stimulus away from everyday environments, as well as one that would be easy to 
process and attend to. These sub-themes align with concepts of attention restoration put 
forward in Kaplan & Kaplan’s (1989) and Kaplan’s (1995) ART framework. 
 
3.5.2.1. Distraction 
Participant I perceived the song of the blackbird as a welcome distraction when he was 
in a state of attention fatigue: “Yeah, well, the birds singing. Blackbirds singing. ... 
Well, it's distraction, you see.” Participant U expressed a similar response, noting that 
birdsong provided him with a source of alternative focus when he was stressed or 
fatigued: 
 
We sit and feed and look after the birds a lot, so certainly I would sit and listen 
to the birds, or the squirrels. ... Because you forget what it is that you're-, why 
you're there. If you're doing what you're suggesting, I'm there to relax or to get 
mental stress out of it, so anything that would make me concentrate on 
something other than that would help, I suppose. 
 
These responses appear similar to the concept of Fascination in ART (Kaplan & 
Kaplan, 1989; Kaplan, 1995), which suggests that natural stimuli can provide a source 
of alternative focus that is beneficial during attention fatigue. The connection between 
birdsong as a distraction and the concept of Fascination was made explicit by 
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Participant E, who described the sound of an owl as something that fascinated him. He 
also suggested that the sound afforded both positive and negative valence, in that he 
thought it was nice but that it also had frightening associations. This echoes the 
response made by Participant I, for whom owl sounds generated negative valence, but 
here Participant E suggests that this association may be a learned response as a result of 
media exposure rather than an innate response. 
 
There are sounds that fascinate me, like we've got a resident owl which really-, I 
don't know whether I think it's creepy or what. I like it, you know. It makes you 
think of these horror movies you get and so on, but in a way it's a nice thing. 
 
These contrasting positive and negative appraisals may mirror Kaplan and Kaplan’s 
(1989) argument that fascination can be hard or soft; that is, wholly compelling, such as 
violence or gore, or gently engaging, such as non-threatening natural stimuli. In the 
context of bird sounds, Participant E’s observation suggests that this fascination may 
also be hard or soft, although it is not clear to what extent this might influence 
restorative outcomes. It is notable that Kaplan (1995) discusses bird-watching as a 
process-based type of fascination, and Participant E appears to derive similar 
fascination from the act of bird-‘listening’. 
 
The process of being distracted by listening to bird sounds also seemed to offer 
participants an opportunity to escape demands, and even to gain a different perspective 
on such concerns. As Participant U noted: 
 
The sounds. If there are any birds about, perhaps helping you to relax. ... 
Because it helps you forget what you were there-, if you're stressed you've got 
something in your mind, you now, turning it over, and if you've got sounds 
outside yourself. ... If you hear neighbours, that's going to irritate you, so if you 
had something in your mind that is irritating and stressed you, then something 
like birds, you would concentrate on that sound and that would, you know, take 
your-, you'd concentrate on something else other than what it is you're trying to 
get away from. 
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3.5.2.2. Effortless attention 
In addition to providing distraction or an alternative focus, participants’ responses also 
suggest that bird sounds are perceived as easy to attend to. Participant D described bird 
sounds as “a part of being, it's not something that's imposed upon me, it's something I've 
chosen to do and they're there. I said that they help me relax, it's a part of the 
experience.” This view was supported by comments from Participant N, who noted that 
natural sounds, including birdsong, are “all relatively low-key, so the sound doesn't 
impose on one.” Participant S used a passive expression to describe the process of 
distraction achieved through listening to birdsong, supporting the notion that this 
process is effortless: “... again, takes your mind off that particular piece of work that 
you might have been doing or trying to concentrate.” Together, these responses suggest 
that bird sounds may be experienced in a bottom-up manner that is not effortful or 
likely to place further demands on attention. 
3.5.2.3. Novelty 
The relative novelty of birdsong also contributed to Participant S’s perceptions of these 
sounds as restorative after attention fatigue. He noted that the dissimilarity between 
birdsong and other, everyday acoustic stimuli contributed to its role as a source of 
distraction or alternative focus. “Yeah, I mean obviously I might hear some birds. ... it's 
just because it's something different. It's a different sort of sound.” This supports 
findings from the field of environmental aesthetics, such as the work of Berlyne (1960, 
1970, 1971), in which novelty has been positively associated with interest. 
 
Participants also commented that the novelty of birdsong provided a sense of distance 
from everyday environments. Participant L indicated that bird sounds were not common 
in her usual, urban environment, and that this would help her relax: “Again I guess 
birds, that's probably quite relaxing, the birds singing. You don't get that too much in 
[location omitted].” Participant S also described a relationship between the novelty of 
birdsong and a feeling of being away from inside environments that would aid stress 
recovery. “Oh, something different. You don't normally hear it. Inside your flat or your 
house, you don't have that sound. I don't have a budgerigar. Other people might.” 
 
Participant S’s comments suggest that, for him, bird sounds serve as a symbol of an 
environment that is away from his daily life indoors, and that the novelty of this sound 
is an important part of this symbolism. It seems reasonable that novel or exotic stimuli 
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might generate a sense of being away, and indeed a relationship between environmental 
novelty and physical being away was reported by Laumann et al. (2001), although this 
was not related to psychological feelings of escape or awayness. Participant S also 
comments on the potential for individual differences in relation to novelty, in that bird 
sounds were novel and therefore perceived as restorative for him, but this may differ for 
other individuals who keep birds as pets, for example. 
 
3.5.3. Relationships with nature 
In addition to meanings and properties of the sounds themselves, the relationship 
between bird sounds and restorative perceptions was also apparently influenced by 
participants’ connections with nature. This appeared to be a two-way relationship, in 
that experience of bird sounds and birdsong helped some participants to interact with or 
feel more connected to nature, yet for other participants the perceived benefits achieved 
through birdsong were limited by low existing affinity with nature or conflicting 
contextual needs. These findings may correspond with existing evidence suggesting that 
exposure to nature can increase one’s feelings of connectedness to the natural world 
(e.g. Mayer, Frantz, Bruehlman-Senecal, & Dolliver, 2008), as well as the attention 
restoration theory construct of compatibility which implies that restorative stimuli or 
environments must be compatible with one’s aims. 
 
3.5.3.1. Interactivity and connection to nature 
For Participant G, listening to birdsong in her garden was part of a quasi-social 
experience in that she regarded the birds she interacted with as though they were 
friends. This experience generated positively valenced affective appraisals which she 
perceived as restorative. “Well, this robin. It's so lovely. It's like a friend when it comes 
within feet of you and just sits there, singing. And you get jays and finches. It's just 
nice.” It is interesting to note that existing restoration research suggests that experience 
of nature with human company can reduce its restorative potential under some 
circumstances (Staats & Hartig, 2004), yet Participant G’s comment indicates that 
restorative potential may be found through non-human, animal company. Participant 
G’s response also suggests that restoration can occur through a transactional, rather than 
passive or bottom-up, experience of the natural world. This perspective was also 
expressed by Participant U, for whom listening to birds in the context of restoration was 
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related to his habit of feeding and caring for the birds in his garden: “We sit and feed 
and look after the birds a lot, so certainly I would sit and listen to the birds...”  
 
Comments from Participant J provide a complementary perspective. She noted that 
hearing birds helped her to feel more connected to nature, which in turn helped her to 
feel removed from sources of stress. “And I think it's a connection, I think you feel 
connected with nature and, you know, something that's a bit more-, well, what I 
consider to be more real than some of the stressful things that happen in life…” Here, 
this participant reflects on how hearing birdsong can enable her to connect not just with 
nature but also with something beyond her sources of stress. This may be related to the 
concept of escape discussed earlier, in that the connection to nature achieved through 
birdsong appears to remove or distance this participant from stress or demands. 
 
3.5.3.2. Contextual and individual differences 
Although many participants indicated that birdsong was often helpful for restoration, 
responses from two participants indicated that these perceptions might vary with 
personal and situational context. Participant R had earlier described herself as “not 
really an outdoor kind of person” and went on to describe her perceptions of bird sounds 
when cognitively fatigued as follows: “… most nature noises like birds, you know, bees 
and wasps and things, they don't really-, they bother me, if I'm in that mood. I don't 
want to kind of hear animal noises and stuff.” For Participant R, the sounds of nature, 
including birds, were perceived to generate negative affect and would not be restorative, 
and this appeared to be connected to her self-identification as being disinterested in, and 
perhaps not highly connected to, nature. Within the literature on restorative 
environments, recovery from stress or attention fatigue is often considered from an 
evolutionary psychology perspective (cf. Kaplan & Kaplan, 1989; Kaplan, 1995; Ulrich, 
1983; Ulrich et al., 1991) in which nature is generally considered to be positively 
regarded by humans, yet participant responses here suggest that individual differences 
in connectedness to nature may also be a relevant factor in the perceived restorative 
potential of birdsong, and that this may merit further study within restorative 
environments. 
 
Participant J also noted that certain birds could act negatively on attention restoration if 
their sounds were in conflict with her current aims. “… the other night a cat climbed up 
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one of the trees and was trying to get at the magpies, and they were flying down at it, 
dive-bombing the cat, and making the most horrific noise. So that kind of kept me 
awake, annoying.” For this participant, the sounds made by magpies were incompatible 
with her need for sleep, and as such generated negatively valenced appraisals and would 
not be considered restorative; indeed, they were considered to be unpleasant noise. It is 
possible to draw a parallel between these perceptions and the ART construct of 
compatibility, in that bird sounds that are incompatible with one’s context-dependent 
needs for restoration seem unlikely to be restorative. 
 
3.6. Conclusions 
 
The present study aimed to explore the role of bird sounds in restorative perceptions of 
nature after imagined stress and attention fatigue. In so doing, transcripts from semi-
structured interviews with twenty adult participants were analysed using thematic 
content analysis (Hsieh & Shannon, 2005; Braun & Clarke, 2006). One hundred and 
eighty-six instances of sounds were mentioned in relation to restoration from attention 
fatigue and stress, of which birds were the most commonly discussed sound source. 
Three themes were identified as potential contributors to the relationship between bird 
sounds and perceived attention restoration and stress recovery: affective appraisals, 
cognitive appraisals, and relationships with nature. Together, these suggest that certain 
bird sounds may aid perceived restoration from stress or fatigue by encouraging positive 
affect and reduced arousal, alternative and effortless attentional focus to novel stimuli, 
and connection to nature. Associations and acoustic and aesthetic properties were 
perceived to influence restorative potential through these themes, often in relation to 
specific bird species. However, low levels of existing connection to nature may reduce 
the likelihood of restoration through bird sounds, as may incompatibility between the 
sound and a listener’s current aims. 
 
3.6.1. Birdsong and restoration 
The findings of the present study build on existing work on the role of sound, and 
particularly bird sounds, in restorative perceptions of nature (e.g. Kjellgren & Buhrkall, 
2010; Payne, 2013; Jahncke et al., 2015; Shaw et al., 2015). In line with SRT (Ulrich, 
1983; Ulrich et al., 1991), bird sounds judged to be restorative also generated affective 
appraisals of positive valence and low arousal. Bird sounds that were associated with 
threat or aggression tended to generate appraisals of negative valence and high arousal, 
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and were not considered to be restorative. Furthermore, some participants discussed 
personal associations with birds and bird sounds that influenced their affective 
appraisals and how restorative they were perceived to be.  
 
Restorative perceptions of bird sounds were also explained to some extent by potential 
correlates of ART factors (Kaplan & Kaplan, 1989; Kaplan, 1995). Bird sounds were 
perceived as welcome distractions that effortlessly removed participants from cognitive 
or affective demands, in a manner akin to the ART construct of Fascination. The 
popularity of ‘birding’ in the United Kingdom and elsewhere suggests that there is 
something especially captivating about birds over and above other animals, perhaps due 
to their beauty, musical sounds, and their relative otherness, emphasised by their ability 
to fly (Mynott, 2009; Cocker, 2013). The relative novelty associated with bird sounds, 
particularly in comparison to urban or built environments, also contributed to their 
perceived ability to distract or remove participants from sources of stress or fatigue, 
perhaps echoing the concept of being away from ART. Contextual differences such as 
present aims and needs may moderate restorative benefits, echoing the ART 
compatibility factor. Individual differences in affinity with nature were found to affect 
perceptions of bird sounds as restorative. Birdsong in general was considered helpful 
for restoration, but this may be contingent on participants’ existing connection to nature. 
 
Perceived restorative benefits of bird sounds varied between bird species, as well as 
between participants. For example, although non-specific birdsong was generally 
discussed in a positive, restorative context, birds with unmelodic calls or aggressive 
behaviours were judged to be non-restorative, and this relationship was underpinned by 
affective appraisals. This aligns with Berlyne’s (1971) findings on the effects of 
acoustic properties on affective appraisals of sounds, and supports arguments that 
threatening stimuli such as sounds may result in negative appraisals and reduce 
likelihood of restoration (cf. Morton, 1977; Ulrich, 1983; Tsai et al., 2010). Equally, the 
finding that novelty appeared to relate to perceived attention restoration aligns with 
Berlyne’s (1960) suggestion that novelty and cognitive processes such as interest may 
be related. Symbolism, such as meanings or memories associated with bird sounds, 
acted on restoration through affective appraisals, and suggests a role for semantic, as 
well as acoustic and aesthetic, properties in perceptions of restoration through bird 
sounds. 
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These contributions of acoustic and personal associative properties to restorative 
perceptions suggest that further study of concepts relevant to auditory natural 
environments is necessary, in order to better understand not just if bird sounds are 
perceived as restorative, but why. Given the finding that different bird sounds may 
provoke orthogonal responses in relation to restorative perceptions, restoration studies 
utilising birdsong as a stimulus should be mindful of the types of bird sounds or species 
that they include. In order to aid such choices, studies should seek to understand the 
extent to which acoustic and aesthetic qualities, and positive or negative associations, 
might predict ratings of valence, arousal, and restorative benefits amongst different 
types of bird sounds. These research questions are addressed in Studies 2A, 2B, and 3 of 
this thesis. 
 
3.6.2. Limitations and opportunities for extension 
The interviews utilised vignettes in which participants were asked to imagine their 
responses to situations of attention restoration or stress recovery in nature. Participants 
responded readily to the vignettes of imagined stress and directed attention fatigue and 
such scenarios have been used in previous research in this field (e.g. Staats & Hartig, 
2004), but their responses may have been limited by the extent of their imagination or 
experience, or the lack of audible prompts for them to respond to in relation to natural 
sounds. Future studies may benefit from being conducted with auditory stimuli 
available for participants to experience and refer to in their responses, and this was a 
step taken in the remaining studies contained in this thesis. 
 
The study was advertised as exploring relationships between people and their 
surroundings, with no explicit focus on relationships with the natural environment. 
However, it is acknowledged that self-selection may limit the generalisability of its 
findings, in that participants willing to discuss their thoughts on environments may also 
have an interest in nature. The snowball sampling technique used alongside online and 
local advertising may also have resulted in a high proportion of participants willing to 
discuss environmental views. 
 
Participants sampled for this study were ordinarily resident in South East England and 
were sampled from rural, suburban, and urban areas, but the findings may not generalise 
well to residents elsewhere in the United Kingdom or elsewhere in the world. Affective 
appraisals of different bird sounds may vary depending on participants’ familiarity with 
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the birds as a function of geographic location. Exotic bird sounds may generate different 
appraisals to those with which participants are familiar or have become habituated, and 
this may have effects on restorative perceptions, and indeed Studies 2A, 2B, and 3 of 
this thesis include bird sounds from the United Kingdom and Australia. Studies on this 
topic can extend understanding of how restorative perceptions interact with variables 
such as novelty versus familiarity. 
 
3.7. Summary and Next Steps 
 
This exploratory study sought to identify the relative contribution of birdsong to 
perceptions of attention restoration and stress recovery in nature amongst a group of 
adult participants, and reasons why this might be. Birdsong was the sound most 
commonly associated with participants’ restorative experiences in nature, although 
restorative perceptions varied between different bird species based on their acoustic, 
aesthetic, and associative properties. Three themes were found to contribute to the 
relationship between bird sound and perceptions of restoration from stress and attention 
fatigue: cognitive appraisals, affective appraisals, and relationships with nature. The 
themes broadly correspond with theoretical explanations of cognitive and affective 
restoration from attention restoration theory (ART; Kaplan & Kaplan, 1989) and stress 
recovery theory (SRT; Ulrich, 1983) respectively, although the perceived importance of 
personalised experiences with, and connectedness to, nature was also emphasised.  
 
These findings show that some, but not all, bird sounds offer perceived restorative 
benefits, and provide opportunities for future studies to quantitatively measure 
relationships between perceptual and semantic properties of bird sounds and perceptions 
of their restorative value, as well as examining whether listening to bird sounds can 
generate restorative outcomes in their own right. These research questions are addressed 
in Studies 2A, 2B, 3, and 4 respectively. Given the connections between acoustics, 
aesthetics, and associative properties of bird sounds and perceptions of their restorative 
value that were identified in this study, a second literature review was conducted which 
explores evidence for such relationships that informs choices made in Studies 2A, 2B, 
and 3. This is presented in Chapter Four. 
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Chapter Four 
 
Why are bird sounds perceived as restorative? 
The roles of acoustics, aesthetics, and associations 
 
4.1. Chapter Introduction 
 
In Study 1, it was shown via qualitative research that bird sounds in general can be 
perceived as restorative; that is, they were judged to have perceived restorative potential 
(PRP) and tended to be appraised as positively valenced and not arousing. However, 
these perceptions were found to vary depending on the bird species that makes the 
sound. In addition to relating to affective appraisals and certain constructs from the 
ART model, such as fascination and being away, this variation in restorative 
perceptions was attributed to the acoustic, aesthetic, and associative properties of the 
bird sounds. This literature review chapter therefore focuses on evidence for 
relationships between these properties and restorative perceptions, laying the foundation 
for the quantitative and qualitative studies presented in Studies 2A, 2B, and 3. The first 
part of this chapter focuses on acoustic properties of bird sounds, such as loudness or 
sound intensity, sound frequency, and roughness versus smoothness, and potential 
relationships with restorative perceptions. The second part of the chapter discusses 
aesthetic properties of bird sounds, including familiarity, complexity, and pattern. The 
final part of the chapter explores the potential roles of associations in perceptions of 
bird sounds as restorative, focusing on meanings of threat versus safety attached to the 
sounds; their symbolic values; interactions with animals; and memories and imagination 
in response to hearing bird sounds. 
 
4.2. Acoustic Properties of Bird Sounds 
     
As noted by McDermott (2011), acoustics literature has devoted a great deal of time to 
researching unpleasant and aversive sounds. However, there is relatively little research 
into the acoustic qualities that contribute to perceptions of sounds as pleasant, relaxing, 
or restorative. The findings of Study 1 suggest that certain acoustic and aesthetic 
properties, such as loudness, smoothness, and pitch, as well as novelty versus 
familiarity, pattern, and complexity, may influence the perceived restorative potential of 
bird sounds and how they are cognitively and affectively appraised. Work by Björk 
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(1985) on evaluations of specific natural sounds also suggests that pitch, 
brightness/sharpness, loudness, and roughness may relate to affective appraisals such as 
valence, arousal, and potency/dominance – appraisals which, as discussed in Chapter 
Two, may also be related to restoration constructs. Much of the work that relates 
acoustic properties to affective appraisals concentrates on negative affective 
evaluations, e.g. unpleasantness or aggression. This makes sense because negative 
affect, aggression, and threat may pose more adaptive significance than positive stimuli 
(cf. Joye & van den Berg, 2011), but it means that research on which acoustic properties 
might promote positive outcomes (e.g. relaxation or restoration) is lacking. Evidence for 
such relationships is reviewed below. 
 
4.2.1. Sound intensity or loudness 
Much of the available evidence between acoustic properties and their potential 
relationships to restoration focuses on loudness: how loud or quiet sounds are perceived 
to be, or their absolute sound intensity or pressure level (SPL) measured in decibels 
(dB). In nature, quietness – or at least a lack of noise – is a prized characteristic. For 
example, Björk et al. (2008) note that quietness and serenity are desirable aspects of 
natural environments, but that total silence is not desirable – rather, it is preferred that 
the sounds of nature are audible but not overshadowed. Pheasant, Horoshenkov, Watts, 
and Barrett (2008, p. 1446) suggest that tranquil places are “quiet, peaceful [...] places 
to be”. However, they also note that relationships between tranquility and sound 
intensity vary depending on the type of sound; as perceived loudness of man-made 
and/or mechanical sounds rises, tranquility ratings fall, but as perceived loudness of 
natural sounds (e.g. birdsong, wind, water) rises, so too do tranquility ratings. 
 
In constructing and validating her Perceived Restorativeness Soundscape Scale (PRSS), 
Payne (2013) notes that SPL measurements varied more in a quiet urban park but its 
PRSS scores were significantly higher and varied less than a loud urban park, indicating 
that participants agreed more about its perceived restorative value. Based on these 
findings, Payne (2013) suggests that the nature of the sounds within the soundscape and 
their semantic value may be important for perceived restorativeness, rather than their 
absolute SPL. These findings suggest that it may not be absolute loudness or quietness 
that matters for factors such as pleasure and tranquility, but rather interactions between 
content and the relative loudness or quietness of desirable aspects of the soundscape. 
However, there is limited evidence for how preference and sense of restorative potential 
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might vary with loudness amongst a range of natural sounds, such as different bird 
species. 
 
Björk (1985) observed that natural sounds, including animal and bird sounds, which 
were rated as powerful and loud also loaded heavily on a dimension of potency. This 
may be comparable to the dominance of such animals or natural sound sources (Morton, 
1977). Similarly, Tsai et al. (2010) note that growl sounds, which signify aggression in 
both human and non-human animals, are characterised by loudness or sound intensity. 
Sound intensity is a signifier of physical strength and therefore an animal’s ability to 
dominate in an aggressive encounter, and here Tsai et al. (2010) argue that this property 
is an acoustic symbol that can influence appraisal of the sound based on its perceived 
meaning or semantic value: aggression versus submission. 
 
Based on the findings above, it is possible to argue that loud or intense bird sounds may 
be perceived as less restorative than quieter bird sounds in a parallel to findings 
regarding wider soundscapes and affective appraisals of specific sounds, and that this 
may be due to their associations with aggression and threat. However, there is a lack of 
existing quantitative study of relationships between the loudness or intensity of bird 
sounds and perceptions of their restorative potential. 
 
4.2.2. Frequency or pitch 
The second acoustic property that bears relation to affective appraisals and arousal, and 
potentially also to restorative potential, is pitch. Pitch is defined as the perceived 
highness or lowness of a sound, and is related to its frequency; that is, how many sound 
vibration waves occur in a given unit of time (usually one second, resulting in the unit 
Hertz (Hz)). 
 
Evidence for associations between pitch and affective appraisals is mixed and, at time, 
contradictory. Berlyne (1971) notes that lower frequency of pure tones is associated 
with positive affective appraisals, e.g. pleasantness, but Schönpflug (1967; in Berlyne, 
1971) noted that when frequency drops below a certain level, roughness becomes 
apparent in the tone. Since roughness is associated with unpleasant evaluations, as 
discussed in section 4.2.3 in this chapter, this also influences evaluations of pitch or 
frequency below a certain level. 
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Research on naturally occurring sounds, rather than pure tones, points to a curvilinear 
relationship between preference and frequency. In Kumar, Forster, Bailey and Griffiths’ 
(2008) study, participants rated seventy-five sounds, including natural sounds, on their 
unpleasantness. Of these, water sounds were rated the least unpleasant, while weather 
and animal sounds were rated low to moderate on unpleasantness. The most unpleasant 
sounds were man-made sounds such as a knife scraping a bottle. Unpleasantness was 
associated with spectral frequencies of 2500 – 5500 Hz, whereas frequencies above and 
below this were less associated with unpleasantness. Kumar et al. (2008) speculate that 
the human acoustic system may be particularly sensitive to sounds in this frequency 
band, although it is not clear why.  
 
Halpern, Blake, and Hillenbrand (1986) propose a psycho-evolutionary explanation for 
such a relationship, in that predator/attack or distress calls display similar frequencies 
and spectrograms and that individuals may associate similar sounds with such aversive 
stimuli. Morton (1977) also draws a connection between low-pitched sounds, large 
body size amongst birds and mammals, and aggressive intent. In the context of birds in 
particular, Thorpe (1961) indicates that low-frequency sounds are associated with larger 
birds, such as crows, jays, magpies, and owls, whereas bright, high-pitched, and rising 
bird sounds with a small frequency range are considered positively valenced by human 
listeners. Björk (1985) measured affective appraisals and perceptions of acoustic 
properties of fifteen natural sounds. Birdsong, sea sounds, and the call of a wading bird 
were rated as the most pleasant sounds, whilst gulls, a crying baby, and a roaring puma 
were rated as the most unpleasant. Björk (1985) noted that unpleasant sounds tended to 
have low fundamental frequencies, while the frequency of sounds loaded positively and 
significantly on an activity factor that may be a parallel of arousal. Therefore, there is a 
connection between low frequency sounds and large, potentially aggressive or 
unpleasant birds, and high frequency sounds and positively valenced behaviour, which 
may relate to their perceived restorative potential. 
 
These findings point to a relationship between the objective frequency, and subjective 
perception of pitch, of natural sounds, and perceptions of valence – in particular, that 
very low and very high frequency sounds are associated with negative valence, perhaps 
due to associations with aggressive or distressed behaviours. There is also some, albeit 
limited, evidence for an association between high frequency natural sounds and 
increased ratings of arousal. However, there is little understanding about how frequency 
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might contribute to perceptions of restoration and cognitive and affective appraisals in 
response to natural sounds, and of bird sounds in particular. 
 
4.2.3. Roughness versus smoothness 
Acoustic roughness is characterised by “buzzing, harsh, raspy” qualities in a sound 
(Vassilakis & Kendall, 2010, p. 1), which are products of narrow, interfering harmonic 
intervals. Terhardt (1974, p. 201) notes that acoustic roughness is perceived as “an 
unpleasant, disturbing component”, particularly in music, although this can vary 
between cultures (Vassilakis & Kendall, 2010). Roughness or smoothness of a sound 
can be measured objectively through ratio of harmonic and unharmonic components (cf. 
Riede, Herzel, Hammerschmidt, Brunnberg, & Tembrock, 2001). However, little is 
known about how roughness in natural, non-musical sounds might influence affective 
appraisals and perceptions of restorative potential. 
 
Björk (1985) observed that perceptions of roughness in natural sounds were negatively 
correlated with evaluations of pleasantness. However, these ratings of pleasantness were 
also positively correlated with the presence of unharmonic elements in the sounds, 
which in themselves usually correspond with the perception of roughness. Björk (1985, 
p. 187) notes that correlation between an objective measure of roughness and a 
perceptual measure was “not perfect”, suggesting that the amount of amplitude 
modulation, used as an objective measure of roughness, may not have sufficiently 
reflected subjective perceptions of roughness, which may account for the conflict in 
findings. As such, there is a need to explore how different objective measures of 
acoustic roughness (for example, the harmonics-to-noise ratio (HNR) as used in Riede 
et al., 2001) might relate to perceptions of valence or pleasantness in response to natural 
sounds, and particularly different bird sounds. 
 
Tsai et al. (2010) suggests a potential interaction between acoustic properties, in that 
quietness plus roughness may convey sadness, whereas loudness plus roughness can 
convey anger. In this approach, the presence of roughness appears tied to a negatively 
valenced state, while the presence of loudness indicates arousal. This is supported by 
findings from Juslin and Laukka (2003) in relation to music, in which acoustic 
properties such as high pitch, loudness, brightness can be associated with both anger 
and happiness, potentially due to their associations with arousal, while the presence or 
absence of roughness provides information about valence in evaluations of sounds. 
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Much of the research on objectively rough natural sounds, and perceptions of these 
sounds as rough, focuses on animal sounds and their relationships to arousal. Rough 
animal calls attract attention and are related to arousal (Blumstein & Récapet, 2009). 
Low frequency sounds in mammals are related to larger body size, and noisy, rough, 
and chaotic sounds enhance transmission of these low frequencies (Fitch, Neubauer, & 
Herzel, 2002), suggesting that roughness might co-occur with low frequency or low 
pitch in dominant or aggressive animal sounds (Leinonen, Laakso, Carlson, & 
Linnankoski, 2003). However, their prevalence is not tied to body size alone but also 
intention to act aggressively; small animals can also emit low-pitched, noisy sounds like 
growls. Tsai et al. (2010), Blumstein & Récapet (2009), and Fitch et al. (2002) 
primarily discuss sounds made by primates, including humans, but it is noted that 
findings are not limited to these mammals and can apply to birds too (e.g. Fee, 
Shraiman, Pesaran, & Mitra, 1998). 
 
Together, these findings indicate that the presence of roughness in sounds is associated 
with perceptions of unpleasantness and with aggressive animal behaviours. However, 
there is little research exploring how roughness versus smoothness might correspond to 
perceptions of restorative potential. Based on existing research, it might be expected 
that rough bird sounds would be rated as less pleasant, more arousing, and less 
restorative than smoother bird sounds. This is hypothesised to be due to associations 
between roughness and threat, although little research has examined this empirically. 
The connection between acoustic properties such as loudness, frequency, and roughness 
also points to a relationship between acoustics and associations, with the former being a 
potential indicator of the latter. However, there seems to be little empirical evidence for 
relationships between acoustic properties and positive associations with bird sounds. 
These relationships are explored through linear regressions presented in Study 2A 
(Chapter Five). 
 
4.3. Aesthetic Properties of Bird Sounds 
       
Themes from Study 1 point to a relationship between restorative perceptions of bird 
sounds and their aesthetic and structural properties, such as whether they perceived to 
be novel or familiar, and whether they are perceived to possess complexity and pattern 
as implied by reference to melody. These properties connect with ideas of aesthetics and 
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collative variables as discussed by Berlyne (1960, 1970, 1971), Ulrich (1983), and 
Kaplan and Kaplan (1989), and are explored below. 
 
4.3.1. Familiarity versus novelty  
Themes from Study 1 indicated that the novelty of bird sounds, relative to other sounds 
commonly heard in indoor or built environments, was positively regarded and related to 
their perceived restorative value. Existing literature provides somewhat mixed evidence 
for relationships between novelty of stimuli, affective appraisals, and their perceived 
restorative value or potential. 
 
Berlyne (1970) notes that there is conflicting evidence regarding relationships between 
preference and pleasingness and novelty, with both positive and negative correlations 
being observed. In Berlyne’s (1970) own work (Experiment 1), positive correlations 
were observed between the novelty of visual patterns and ratings of both pleasingness 
and interestingness. Given the potential role of stimuli that are considered both pleasing 
or pleasant and interesting in restorative experiences, and attention restoration (Kaplan 
& Kaplan, 1989; Kaplan, 1995) through concepts such as fascination or effortless 
attention, it may be that the novelty of a stimulus contributes towards restorative 
perceptions. However, Medvedev et al. (2015) report that perceptions of the familiarity 
of bird and ocean sounds were linked to their ability to effect reductions in skin 
conductance following stress, highlighting the conflicting evidence for the potential role 
of familiarity versus novelty in restorative perceptions and outcomes relating to bird 
sounds. 
 
Themes from Study 1 also indicated that the novelty of bird sounds could provide a 
sense of escape, which may be similar to the concept of being away outlined in attention 
restoration theory (ART; Kaplan & Kaplan, 1989; Kaplan, 1995). However, Laumann et 
al. (2001) provides evidence that it is not absolute novelty that may be important in 
attention restoration through being away. In their factor analysis of restoration rating 
scale items in response to imagined natural and urban environments, they observed that 
being away items loaded on two separate factors, novelty and escape. Novelty was not 
correlated with restorative components, such as fascination, and therefore did not seem 
related to the restorative environments construct, whereas psychological being away 
was (i.e. the idea of escape). Laumann et al. (2001) drew on the ART framework in 
suggesting that the absolute novelty afforded by being somewhere new or experiencing 
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something physically different is not enough for restoration; it must also afford a shift in 
perspective or release from preoccupation. As such, perhaps the absolute novelty or 
familiarity of bird sounds is not enough to influence perceptions of their restorative 
potential, but rather it might be their perceived novelty or familiarity, and associated 
ability to make individuals feel as if they are psychologically removed from everyday 
concerns. 
 
Although Ulrich (1983) discusses the potential role of aesthetic properties in 
preferences for and restorative effects of natural environments, novelty versus 
familiarity is not considered in detail within his affective stress recovery theory (SRT). 
However, he notes that “high levels of familiarity with a setting doubtless give rise to 
attachments or symbolic associations” (Ulrich, 1983, p. 119). Here, familiarity with an 
environment through repeated exposure is argued to influence restoration through 
development of meaning, specific to an individual. This aligns with findings in Studies 
1 and 2B that suggest personal memories and associations made with natural 
environments, and specific stimuli in nature such as bird sounds, can be related to their 
perceived restorative potential. As such, familiarity might be a factor in restorative 
potential due to its role in memory formation, although individuals can, of course, form 
both positive and negative associations with natural environments and stimuli. 
 
Although not explicitly discussed by participants in Study 1, the aesthetic properties of 
complexity and pattern or structure may be relevant to restorative perceptions of bird 
sounds. These properties are theorised to be important in visual preferences and 
restorative experiences in nature (Ulrich, 1983; Kaplan & Kaplan, 1989; Kaplan, 1995). 
Additionally, some participants in Study 1 positively appraised certain bird sounds due 
to their qualities of “melody” and “tunefulness”, implying a structured arrangement of 
sounds encompassing concepts of complexity and pattern. These concepts are reviewed 
below, in relation to restorative perceptions of bird sounds. 
 
4.3.2. Complexity 
Complexity is defined as the amount of diverse information contained or presented in a 
stimulus (Berlyne, 1960). In study of environmental aesthetics, complexity has been 
related to preference (Berlyne, 1970; Ulrich, 1983; Kaplan & Kaplan, 1989), interest 
(Berlyne, 1960, 1970; Kaplan & Kaplan, 1989), and restorative potential (Ulrich, 1983; 
Kaplan & Kaplan, 1989; Joye, 2006; Joye & van den Berg, 2011). Thorpe (1961) 
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defines bird songs as complex vocal outputs, and as such study of the variation in 
complexity found between different types of bird sounds may be relevant to their 
restorative potential. 
 
Ulrich (1983) and Berlyne (1970) observed that complexity is positively and linearly 
related to interest in a stimulus, but it forms an inverted-U-shaped relationship with 
preference or pleasure, with high and low complexity being non-preferred while 
moderate complexity is preferable (although Forsythe, Nadal, Sheehy, Cela-Conde, and 
Sawey (2011) note that contradictory evidence exists). There may be potential links 
between complexity and the concept of fascination, as put forward in attention 
restoration theory (ART; Kaplan & Kaplan, 1989). High complexity is interesting but 
not always preferred, and this may be an example of a stimulus that offers ‘hard 
fascination’, while one that is moderately complex could offer both moderate interest 
and high preference, a combination that matches the qualities proposed in restorative 
‘soft fascination’ (Kaplan & Kaplan, 1989). Ulrich (1983) also considers the role of 
complexity in his stress recovery theory account, supposing that, due to a need for 
reducing arousal when in a stressed state, moderate to low levels of visuo-spatial 
complexity in an environment should be preferred when stressed whereas under-
stimulated individuals may prefer higher levels of complexity.  
 
Ulrich (1983, p. 118) notes that “ephemeral phenomena” which change over time, such 
as sunsets, snowfall, clouds, are understudied but may be related to affective appraisals 
and the generation of memories. Their dynamic nature may relate to the collative 
variable of complexity due to the amount of information provided, relative to static 
stimuli in nature such as a landscape. Ulrich (1983) does not mention auditory 
ephemeral phenomena such as birdsong, yet it too is transitory, dynamic, and 
individuals form memories on the basis of hearing it, as observed in Study 1.  
 
Based on the evidence above, it seems likely that the aesthetic property and perceptions 
of complexity relates both to affective appraisals such as pleasure and arousal, and with 
perceptions of restorative potential. However, there has been little study of such 
relationships in the context of restorative sounds, and to date understanding of 
relationships between auditory complexity and restorative perceptions remains limited. 
Ulrich (1983) discusses the role of visual complexity only in preferences for and 
restorative experiences in nature, and while Berlyne’s (1971) work on aesthetics does 
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consider acoustic stimuli, his studies focused on interest and affective appraisals and not 
restoration from stress or cognitive fatigue. As such, there is a need to examine 
connections between aesthetic properties such as complexity and restorative perceptions 
in the context of natural sounds, such as bird sounds. 
 
4.3.3. Pattern 
Pattern, or a structured environment or set of stimuli, is proposed to aid restoration by 
suggesting a habitable, traversable environment, as well as one that is easily cognitively 
processed (Ulrich, 1983; Kaplan & Kaplan, 1989; Kaplan, 1995; Joye & van den Berg, 
2011). Thorpe (1961) describes bird songs as having pattern, although it is noted that 
most birds cannot sustain this beyond a period of approximately ten seconds. 
 
The way in which pattern is incorporated within restoration varies between theories. 
Within ART, fascinating stimuli are described as “patterns” by Kaplan and Kaplan 
(1989, p. 192), with examples given of “clouds, sunsets, scenery, the motion of leaves 
in the breeze”. Kaplan and Kaplan (1989) also make an explicit link between aesthetic 
properties such as pattern, preference, and restoration, arguing that such pleasant 
distraction makes negative states more manageable and therefore increases the 
likelihood of restoration and reflection. Ulrich (1983) refers to pattern in the context of 
environmental complexity, noting that a complex but structured environment, taken 
here as a cognate of pattern, is preferred due to its affordance of resources that are 
accessible within a landscape that can easily be traversed. 
 
Recent research has highlighted relationships between viewing fractal patterns and 
restorative potential and outcomes, such as stress reduction and relaxation (e.g. Joye, 
2006, Taylor, 2006, Hagerhall et al., 2008). In their processing fluency account, Joye 
and van den Berg (2011) suggest that these relationships may be due to the ease with 
which fractal patterns are processed by the visual and cognitive systems, as a result of 
their repetitive, self-similar nature. Forsythe and Sheehy (2011) note that fractals are 
present in the sounds of nature as well as visual stimuli – for example, in water sounds 
and birdsong – although empirical evidence of this claim appears to be lacking. 
 
The findings above suggest that pattern may be a contributor to restorative perceptions 
and outcomes arising from visual aspects of nature, such as flora and landscapes. 
However, there is limited understanding of whether patterns in acoustic natural stimuli 
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might be similarly related to perceptions of restorative potential. Given that birdsong 
can be characterised by pattern (Thorpe, 1961), it makes sense to explore whether this 
aspect of its aesthetic structure relates to or predicts perceptions of its restorative value. 
 
4.4. Associations with Bird Sounds 
 
While visual aesthetic properties of natural environments have been considered in the 
context of restorative experiences, the role of semantic properties (associations and 
meanings) of environments, or their constituent stimuli, has received less attention, and 
in the context of restoration via natural sounds it has hardly been studied at all. Ulrich 
(1983) mentions the role of associations in his discussions of affective responses to 
environments. In particular, he suggests that affective, and later cognitive, appraisals of 
natural environments may be influenced by learned associations and previous 
experience. Grahn and Stigsdotter (2010) discuss the role of affordances, or practical 
value, in experience of urban green spaces, and emphasise that multi-sensory experience 
can form symbols of environmental affordances; that is, what the environment can offer 
in a practical sense. Kumar et al. (2008) note that associative properties are likely to 
influence whether individuals find a sound unpleasant, including natural sounds, but 
they do not examine these properties in their work, nor do they explore whether 
associative properties might also relate to perceived pleasantness, arousal, and/or 
restorative potential. 
 
There is, therefore, a need to examine how the associations attached to natural sounds, 
such as birdsong, might relate to restorative potential. Findings from Study 1 indicated 
that the meanings attached to bird sounds can contribute to perceptions of their 
restorative potential. These meanings may relate to the practical or instrumental value of 
the bird sound; for example, one participant said that he found the sound of the magpie 
stressful and unhelpful for restoration because he associated it with the magpie’s 
aggressive behaviour towards other birds. Potential risk to an individual was not 
mentioned specifically in Study 1, but it was referred to indirectly via stereotypes, 
“archetypes”, and “symbol[s]” (p. 66-67) suggesting that symbolic meanings of bird 
sounds may relate to their restorative potential. Specific, personal memories associated 
with bird sounds may also influence restorative potential. For example, one participant 
mentioned specific positive memories associated with the sound of the wood pigeon, 
which she felt would be helpful for restoration. Two other participants related their 
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interactions with birds to the perceived restoration achieved through listening to them, 
suggesting that at least part of their meaning was developed through the formation of a 
relationship with the bird(s). These findings suggest that the meanings that individuals 
attribute to bird sounds are related to the restorative potential they assign to them, and 
that these meanings can relate to the bird’s behaviour, its stereotypical or cultural 
relevance, and personal memories or meanings. This section explores the literature on 
meanings and associations connected to stimuli in nature, with a focus on bird sounds. 
 
4.4.1. Associations with threat 
The presence of threat or danger in an environment inhibits restorative potential and 
outcomes. For example, Herzog and Rector (2009) found that imagining the presence of 
a stalker in an imagined natural environment reduced its perceived restorative potential, 
relative to an urban environment. Similarly, Andrews and Gatersleben (2010) observed 
that imagined natural environments low in prospect-refuge were rated as more 
dangerous than those high in prospect-refuge. In a later study, these differences in 
perceptions led to significant differences in restorative outcomes gained through direct 
and mediated response to such environments (Gatersleben and Andrews, 2013).  
 
Pheasant et al. (2010) note that auditory elements of an environment are important in 
determining the presence or absence of threat, due to humans’ fast reaction time to 
acoustic stimuli, but studies that examine associations between specific sounds and the 
presence or absence of threat are limited. Andringa and Lanser (2013) note that calm 
soundscapes comprising a few, homogenous sounds, or lively ones comprising a 
background of few, homogenous sounds plus varied foreground sounds, convey either 
safety or a combination of safety and stimulation. In contrast, soundscapes that are 
chaotic or threatening, containing alerting foreground sounds, convey danger. Andringa 
and Lanser (2013) hypothesise that this perception of safety gives individuals the 
freedom to focus in such a soundscape, whereas perceptions of threat causes individuals 
to be vigilant.  
 
Extrapolating from these findings, it is possible to argue that bird sounds which convey 
threat or danger through a combination of chaos and alarming, alerting sounds may not 
be helpful for restoration. These concepts may connect with the acoustic and aesthetic 
properties discussed earlier in this chapter, again indicating how perceptual and 
semantic properties of bird sounds may be related. Björk (1985) observed that natural 
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sounds, including a range of bird sounds, which were rated as unpleasant were also 
rated as being dangerous. This demonstrates a connection between the perceived 
valence of a sound and its perceived affordance of threat. Given prior connections 
between perceptions of danger and reduced restorative potential (Herzog & Rector, 
2009; Andrews & Gatersleben, 2010; Gatersleben & Andrews, 2013) it follows that 
unpleasant, dangerous bird sounds may be perceived as unhelpful for restoration. 
 
Contextual and individual differences may also impact on how threatening or dangerous 
bird behaviours are interpreted to be. In Curtin (2009), participants almost exclusively 
discussed positive appraisals of their wildlife tourism experiences, and even the 
negative events and associations tended to be viewed in a positive light. For example, 
Dawn, who had been on a bird- and whale-watching tour in Baja, California, reflected 
on her positive experience of watching Frigate Birds: “I know they kill things and all 
that but that’s not the point, you know, it’s just beautiful and how graceful and elegant 
and all of that, you can admire,” (Curtin, 2009, p. 457). For Dawn, the negatively 
valenced behaviour of the birds seemed less salient to the enjoyment that she gained 
through watching them, perhaps due to her role as a transient spectator removed from 
the consequences of the birds’ actions. 
 
This contrasts with negative appraisals of some wildlife in Pereira et al. (2005), such as 
wild boar and wolves, which were negatively appraised due to associations with damage 
to crops and livestock that would have a direct impact on the participants’ livelihoods. 
Participants in Pereira et al. (2005) were residents of a rural mountain community in 
Portugal, where the vast majority of those employed worked in the agricultural or 
forestry sectors, whereas participants in Curtin (2009) were largely professionals in the 
service sector, with a minority of participants working or having worked in nature-based 
professions such as farming, geology, or marine biology. This comparison suggests that 
individual differences, such as whether or not one’s financial security is bound up in the 
presence or absence of certain animals, can impact on affective appraisals of these 
aspects of nature. 
 
4.4.2. Moving beyond associations with threat 
Despite known negative relationships between perceptions of danger or threat and 
restoration, there is little literature on how acoustic aspects of nature such as birdsong 
can have positive affordances, and how this might relate to restoration and restorative 
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perceptions. Flora and fauna imply the presence of biodiversity, resources, and 
complexity, and as Hedblom et al. (2014) observe, biodiversity of bird sound is related 
to positive environmental perceptions. However, as Joye and van den Berg (2011) note, 
there is a lack of study of connections between the presence of positive stimuli in nature 
and restorative perceptions and outcomes, rather than the mere absence of threat in 
nature. 
 
While Kaplan & Kaplan (1989) do not focus explicitly on the role of meaning in 
attention restoration theory, some of their proposed theoretical constructs also relate to 
the presence of positive affordances in nature. These include the quality of Being Away 
from everyday concerns achieved in unspectacular nature where “all is well” (Kaplan & 
Kaplan, p. 190), and the notion of Compatibility, which implies that a natural 
environment should be supportive of an individual’s desire to relax and restore him- or 
herself. Murton (1971) describes the positive effects that bird have on ecosystems which 
may be of benefit to humans; for example, by eating fruits and seeds they can aid the 
development of new trees, and by eating insects they can mitigate the effects of crop 
pests. However, these agricultural benefits are context-dependent and may be of less use 
to those who do not require them, such as farmers or individuals who dwell in cities, for 
whom such benefits might seem irrelevant or even undesirable. It is also far from clear 
whether these benefits have any impact on how individuals appraise bird sounds, be that 
cognitively, affectively, or restoratively. Therefore, it seems likely that although 
perceptions of threat or danger associated with negative bird behaviours might 
negatively impact on restorative perceptions associated with bird sounds, it does not 
necessarily follow that unthreatening bird sounds may be perceived as more restorative, 
and further research is required in order to understand how positive and negative 
associations impact on such perceptions. In particular, personal memories may provide 
more insight into relationships between positive meanings and associations with bird 
sounds and restoration, as observed in participant responses in Study 1. 
 
4.4.3. Symbolic associations 
In addition to their actual behaviour, birds and their sounds can convey meaning by 
acting as symbols of environmental concepts or life events. Of these, time and season 
recur as the most common symbols associated with bird sounds, with abstract concepts 
and emotions also being represented, albeit to a lesser extent. The literature reviewed 
below does not explicitly connect such symbols with restorative potential, but if certain 
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bird sounds symbolise concepts that have been previously theorised to relate to 
restorative potential, such as the presence of resource-rich environments and positively 
or negatively toned affective appraisals (e.g. Ulrich, 1983), then it is possible that these 
sounds might, by extension, also relate to restorative potential. 
 
4.4.3.1. Changing seasons 
Sociological and ornithological literature suggests a particular association between bird 
sounds and spring, summer, and autumn seasons. For example, Curtin (2009) describes 
how one participant associated different aspects of nature, including birdsong, with the 
passage of time and season, and that taking notice of these stimuli was related to 
constructs relevant to restoration, such as positive affective appraisals, attention, and 
interest: “... a whole avenue of horse chestnut trees and I love watching them change, 
first sign of autumn, first flowers, first conquers [sic]. It’s quite interesting how 
conscious I am of them and how connected I feel to them. It’s like the first birds to sing 
in the morning and the first swallows to arrive in spring.” (Curtin, 2009, p. 465). 
 
Mynott (2009) notes that birds and their sounds have symbolic associations with 
seasons, such as the call of the crane and the bringing in of the harvest, as well as 
swallows and perceptions and memories of spring and summer. He also notes that these 
associations can vary across cultures and timescales. It is possible, but as yet unexplored, 
that bird sounds which are associated with such seasons of plenty may be perceived as 
more restorative than those associated with winter or times of hardship. 
 
4.4.3.2. Passage of time 
For some individuals, birds and their sounds can be associated with the passage of time 
in nature. Evidence of this comes largely from studies and literature gathered from non-
Westernised societies, perhaps due to their lifestyles in which cycles of sleeping and 
waking are more connected to the rising and setting sun. For example, in Aboriginal 
Australian stories, the ‘laughing’ sound of the kookaburra is presented as a symbol of 
the rising sun and the start of a new day, tinged with positively valenced associations 
drawing on ideas of new beginnings and rebirth (N’gweno, 2010). Mynott (2009, p. 
192) also notes that the Kaluli peoples of Papua New Guinea take their cues from birds 
regarding waking and sleeping times: "We get up with their calls in the morning.” In 
this literature, bird calls are presented as symbols of day versus night and circadian 
rhythms, closely associated with survival. As above, the hypothesis that bird sounds 
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which symbolise daytime or new beginnings might also be perceived as more 
restorative merits further study, particularly in the context of a Westernised urban 
sample for whom associations with birds sounds may be very different to populations 
normally studied in the above field of ethno-ornithology. 
 
4.4.3.3. Abstract concepts 
Mynott (2009) also observes that bird sounds can symbolise more abstract concepts, 
such as emotions, human qualities, and life events. He discusses how the owl is seen 
cross-culturally as a symbol of both wisdom and more negatively valenced states of 
mystique and dark omens. While not specifically related to bird sounds, Murton (1971) 
also discusses prehistoric humans and their potential perceptions of and associations 
with birds, noting the presence of Iron Age carvings of geese in Austria and suggesting 
that they may have symbolic associations with wealth and prosperity. Wheye and 
Kennedy (2008) review historical evidence of how the dove has been seen as a 
messenger, drawing on connections between its quiet, low frequency call and human 
speech, more so than higher-pitched songbirds. They also note that a raven calling from 
the left has historically been considered a bad omen. Together, these findings suggest 
that birds and their sounds can symbolise natural and social phenomena, often with 
overt positive or negative valence, but it is not clear whether these symbols might also 
be noted by individuals in modern, Western societies and, if so, if and how they might 
relate to perceptions of the restorative value of bird sounds. 
 
4.4.4. Associations with memory and imagination 
Pretty (2004, p. 72) notes that while green environments in general have been shown to 
generate psychological benefits, these environments can differ in the extent to which 
individuals know and relate to them, with known environments being able to “evoke 
pleasant memories”. Beil and Hanes (2013, p. 1262) note that participants mentioned 
“past memories of setting visits” and these are cited as a potential factor in differing 
responses to natural and urban environments, although such effects of memory were not 
examined further by these authors. As noted above, Ulrich (1983) too suggests that 
memories and associations may influence experience of and restoration in natural 
environments, but studies on environmental restoration have not examined in detail the 
kinds of memories that individuals might have of natural environments or natural 
stimuli, and how this might impact on their restorative experiences. Could bird sounds 
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be perceived as restorative or non-restorative due to their associations with different 
memories? 
 
Ulrich (1983) argues that affective appraisals of and responses to environments interact 
with memories in a type of feedback loop, being influenced by memory and also 
influencing the formation of these memories through the strength of affective reactions. 
He argues for a role of memory in cognitive evaluations, noting that: “Evaluation may 
be accompanied by memories and associations … thoughts as diverse as memories from 
a childhood vacation or an idea recalled from a poem” (Ulrich, 1983, p. 92-93). 
However, he also suggests that this may not be a common occurrence given that 
unspectacular nature is unlikely to generate such vivid associations. Yet findings from 
Study 1 suggest that individuals form memories of commonplace bird sounds, such as 
the wood pigeon, that can influence their subsequent appraisals of the sound and its 
perceived restorative value. There is, therefore, a need to examine whether positive or 
negative memories associated with stimuli in nature, such as bird sounds, might be 
related to subsequent restorative potential of those stimuli. 
 
Just as bird sounds can trigger memories of prior experience in nature, there is also 
preliminary evidence that such sounds can lead to imagination of events or 
environments that have not been seen or experienced. This comes from the qualitative 
work conducted by Shaw et al. (2015). For several participants, non-visual experience 
of nature, such as hearing bird sounds, was related to experience of imagination and 
fantasy. Their comments provide some insight into how natural sounds, amongst other 
sensory aspects of nature, might lead to positive affective states such as pleasure 
through active construction of imagined potential environments. As one participant Kate 
noted, “... I can draw a picture of what I’m seeing in my mind. I wonder if there’s, the 
birds are up there or perhaps a squirrel or perhaps a piece of wood or you know. You 
just sort of build something, fantasize [...] especially when it’s quiet, it’s lovely” (Shaw 
et al., 2015, p. 15). For her, experiencing nature non-visually – that is, through sound 
and the other sensory experiences described by Shaw et al. (2015) such as smell and 
touch – was an active experience that she constructed in her imagination and gained 
pleasure from. 
 
It is not clear whether individuals who do not possess visual impairments might respond 
in a similar manner, but Shaw et al.’s (2015) perspective aligns with Payne’s (2008) 
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argument for a reframing of the soundscape listener; a perspective shift from one who 
passively perceives the acoustic environment to one who actively interprets and 
constructs their experience of the soundscape based on both perceptual information 
(bottom-up processing) and cognitive, top-down processes. This perspective also 
suggests that experience of natural sounds, and restorative perceptions or outcomes 
associated with that experience, might be a product of elaborated or imagined natural 
scenes triggered by hearing the sounds, in addition to mere acoustic exposure and 
memories associated with prior experience. 
 
4.4.5. Associations with wider relationships with animals  
Another key finding from Study 1 was that some individuals actively engaged with 
nature by developing relationships with the birds that they listened to. Just as Payne 
(2013) and Shaw et al. (2015) described acoustic and/or multi-sensory experience of 
nature as interaction, rather than mere exposure, there is also evidence that some 
individuals may derive restorative benefits from transactional, active relationships with 
flora and fauna. This is a particularly novel area of research given that the contributions 
of animals to restorative experiences of nature are largely ignored in existing literature, 
or are considered as incidental to the act of being in a natural space. Yet interaction with 
animals appears to be important to individuals in need of restoration; Stigsdotter and 
Grahn (2011) found that, amongst individuals who reported a high level of stress, 
activities that involve interacting with animals, such as watching pets or wild animals, 
or feeding or playing with animals, were most preferred in green spaces identified as 
being rich in species. 
 
Curtin’s (2009) study was particularly novel in that it specifically explored the 
psychological benefits of engagement with animals in wild settings, and demonstrated 
that the sight, smell, and sound of animals can trigger self-reported changes in 
psychological states. Furthermore, responses in this study revealed that participants 
formed meaningful and positive relationships with animals, such as birds, and 
particularly those that one observes frequently at home, rather than as a one-off event. 
As one participant, Peter, noted: “The pet robin that comes around when you are 
digging and takes some worms or takes food from the bird table is quite different. It’s a 
relationship.” (Curtin, 2009, p. 457). 
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This transactional relationship with flora and fauna is echoed in a participant response 
in Kjellgren and Buhrkall (2010, p. 468): “The trees, the plants, and the animals are my 
friends.” Together, these findings suggest that rather than being mere inhabitants of a 
natural environment, animals such as birds can be considered as active entities that 
individuals can engage and interact with, to the extent that some regard them as friends. 
It is notable that the participants in Curtin’s (2009) study were recruited from a 
population of wildlife enthusiasts, eleven of whom specifically discussed tourism trips 
that they had taken for the purposes of bird- and/or whale-watching. As such, the 
intensity of psychological experience that they describe in response to encounters with 
animals may not be generalisable to other populations for whom wildlife tourism may 
be less important. Additionally, the meanings describe above presuppose that 
individuals have learned or acquired experience with the birds, and are they are familiar 
with them. There is little information on how individuals might react to meaning if the 
bird sounds are unfamiliar, or indeed whether imposing a new meaning on a bird sound 
can change the way in which individuals appraise its restorative potential. This is a 
hypothesis explored in Study 3. 
 
4.5. Chapter Conclusions 
 
In this chapter, an argument is put forward for the roles of acoustics, aesthetics, and 
associations in contributing to restorative perceptions of bird sounds, including affective 
and cognitive appraisals. Evidence for the importance of the acoustic properties of 
sound intensity, frequency, and roughness in perceptions of threat and unpleasantness 
suggest that these properties may contribute to affective appraisals and perceived 
restorative potential, perhaps due to their significance in threatening animal behaviour. 
Review of the literature on aesthetic properties indicates that levels of novelty versus 
familiarity, complexity, and pattern present in a stimulus may contribute to cognitive 
and affective appraisals and perceptions of restorative potential, particularly due to their 
potential correlates with concepts from attention restoration theory such as fascination. 
Finally, exploring the associative values attributed to bird sounds points to potential 
roles for meanings, symbolism and memories in perceptions of restoration, which may 
be best explored through qualitative work in order to fully understand the stories that 
individuals tell about their perceptions of bird sounds. 
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Together, these findings offer a framework for assessing the perceived restorative 
potential of bird sounds on the basis of their acoustic and aesthetic properties, and they 
give scope to explore how such ratings of restorative potential might relate to 
associations that individuals have with different bird sounds. Predictive roles of acoustic 
and aesthetic properties are explored in Study 2A, outlined in Chapter Five, while 
Studies 2B and 3 explore relationships between personal and instrumental, behaviour-
based meanings of bird sounds and their perceived restorative potential. Study 2B does 
this through qualitative means and is described in Chapter Six, while Study 3 comprises 
a quantitative experiment that is outlined in Chapter Seven. 
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Chapter Five 
 
Study 2A 
Predicting the perceived restorative potential of bird sounds: 
The roles of acoustics and aesthetics 
 
5.1. Abstract 
 
Study 1 revealed that the sounds of birds are associated with perceptions of restoration 
from stress and cognitive fatigue, but these perceptions can vary between bird species. 
In particular, acoustic and aesthetic properties were identified as potential contributors 
to these perceptions; that is, the way the bird sound sounds, and how it is structured. In 
this online study, data from 174 residents of the United Kingdom were collected in 
order to explore whether certain acoustic properties and aesthetic appraisals predicted 
perceptions of fifty bird sounds as restorative, as measured via ratings of perceived 
restorative potential (PRP) and affective and cognitive appraisals. Regression analyses 
demonstrated that sound intensity, smoothness, and perceptions of complexity, 
familiarity, and pattern were significant predictors of PRP, affective appraisals of 
valence and arousal, and cognitive appraisals of fascination and being away drawn from 
attention restoration theory. These findings shed light on the structural and perceptual 
properties that may influence restorative potential of natural stimuli, extending study of 
the properties that underpin restorative perceptions into the acoustic domain. Finally, 
through their potential associations with meaning, these highlight the importance of 
further study of semantic or meaning-based properties within the restorative 
environments literature. 
 
5.2. Introduction 
  
Spending time in or with non-threatening nature can generate cognitive and affective 
benefits, particularly after stress or mental fatigue (e.g. Hartig et al., 2003; Berman et 
al., 2008). Current theoretical frameworks of restorative environments focus on 
cognitive and affective processes as mechanisms responsible for attention restoration, 
recovery of positive mood, reductions in arousal observed after exposure to natural 
environments (Ulrich, 1983; Kaplan & Kaplan, 1989; Ulrich et al., 1991; Kaplan, 
1995). In attention restoration theory (ART; Kaplan & Kaplan, 1989; Kaplan, 1995), 
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natural environments are proposed to aid the recovery of voluntary or directed attention, 
and subsequent improvements in mood, by engaging attention effortlessly and offering 
opportunities for reflection. This may be achieved by certain qualities or factors in the 
environment: that is, that it offers fascination, a sense of being away, extent, and 
compatibility with one’s aims and desires. 
 
Ulrich’s (1983) stress recovery theory (SRT) offers a contrasting perspective, in which 
the benefits of nature following stress are framed in terms of affective appraisals of 
valence and arousal, as well as changes in physiological responses. SRT is framed in a 
psycho-evolutionary context, with aesthetic and semantic properties such as complexity, 
structure, surface texture, the presence of water, and the absence of threat argued to 
contribute towards environmental appraisals of positive valence and low arousal due to 
their adaptive significance in human prehistory. 
 
Recently, researchers such as Joye and van den Berg (2011) have argued that there is 
relatively little evidence for primarily psycho-evolutionary perspectives on positive 
appraisals of potentially beneficial aspects of nature, instead suggesting that nature 
might be beneficial for attention because its perceptual properties tend to be easily 
processed by the visual system. However, these theoretical approaches consider 
experience of nature as a primarily visuo-spatial event. 
 
Despite the relative lack of evidence in comparison to restoration in visuo-spatially 
experienced nature, the sounds of nature can be perceived and experienced as 
restorative, particularly following stress. Bird sounds are almost always present in such 
soundscapes, which are perceived as more restorative, can reduce psychophysiological 
arousal faster, and can improve mood to a greater extent than certain sounds from the 
built environment following stress (Alvarsson et al., 2010; Payne, 2013; Benfield et al., 
2014; Jahncke et al., 2015; Medvedev et al., 2015), and these sounds may also improve 
self-reported motivation to work following fatigue (Jahncke et al., 2011). In Study 1 it 
was found that bird sounds were the type of natural sound mostly commonly associated 
with restorative potential: that is, perceptions of recovery from stress and mental 
fatigue, and also with affective appraisals of valence and arousal and cognitive 
appraisals that mirror two concepts from attention restoration theory – fascination and a 
sense of being away. The extent to which bird sounds were considered restorative, and 
the ways in which they were affectively and cognitively appraised in such ways, varied 
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depending on the species mentioned by participants and the acoustic and aesthetic 
properties of their sounds. 
 
As in studies that compare natural and man-made scenes, natural sounds, and 
particularly bird sounds, are often more positively affectively appraised than those from 
the built environment (e.g. Kariel, 1980; Anderson et al., 1983; Kumar et al., 2008; 
Alvarsson et al., 2010; Medvedev et al., 2015). Perceptions of pleasure also vary 
depending on the type of bird. For example, Björk (1985) noted that the sounds of 
songbirds loaded positively on a dimension of pleasure or valence whilst sounds made 
by gulls loaded negatively and were regarded as less pleasant. As noted in the previous 
chapter, research in the visuo-spatial domain has forged ahead in recent years in 
understanding the specific perceptual properties that might contribute to restorative 
perceptions of and outcomes in natural environments (e.g. Joye, 2006; Hagerhall et al., 
2008; Joye & van den Berg, 2011). However, there is little evidence about how 
variation in restorative perceptions of natural sounds might vary as a function of their 
perceptual properties – that is, acoustic properties and aesthetic appraisals. Since birds 
occur frequently in restorative soundscapes (e.g. Alvarsson et al., 2010; Payne, 2013; 
Benfield et al., 2014; Medvedev et al., 2015), they are a highly appropriate type of 
stimulus to use in order to examine relationships between specific acoustic and aesthetic 
properties of bird sounds and judgments of restorative perceptions as measured via 
perceived restorative potential, affective appraisals, and cognitive appraisals. By 
examining the relative contributions of these properties to such perceptions, it may be 
possible to better understand the mechanisms through which restorative perceptions of 
natural sounds can occur and how these relate to existing theories of environmental 
restoration. 
 
5.2.1. Acoustics 
The qualitative findings in Study 1 suggest that acoustic properties of sound intensity, 
smoothness, and frequency or pitch, are perceived as important in restorative 
perceptions of bird sounds and how they are affectively appraised; for example, the 
raucousness of certain “squawky” birds was related to negative affective appraisals (p. 
66). However, there is a lack of research that quantitatively examines relationships 
between these properties and such appraisals. Evidence for these potential relationships 
is discussed below. 
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5.2.1.1. Sound intensity 
Existing research suggests a link between the intensity of natural sounds and appraisals 
of them as arousing or dominating. Björk (1985) observed that natural sounds, including 
animal and bird sounds, which were rated as loud also loaded heavily on a dimension of 
potency. This may be comparable to the dominance of such animals or natural sound 
sources (Morton, 1977). Similarly, Tsai et al. (2010) note that growl sounds, which 
signify aggression in both human and non-human animals, are characterised by sound 
intensity as a signifier of physical strength and therefore an animal’s ability to dominate 
in an aggressive encounter. Based on this, it is possible to argue that intense, loud bird 
sounds may be perceived as more arousing and negatively valenced than less intense, 
quieter bird sounds due to their associations with dominance and threat. However, 
understanding of relationships between bird sound intensity and perceptions of 
restorative potential, as well as cognitive appraisals of fascination and being away, is 
limited. 
 
5.2.1.2. Frequency 
The frequency or pitch of a bird sound may also relate to how restorative it is perceived 
to be, and particularly how it is affectively appraised as pleasant or relaxing. Kumar et 
al. (2008) observed that perceived unpleasantness of sounds, both natural and man-
made, was associated with moderately high spectral frequencies, whereas sounds with 
low frequencies were rated as less unpleasant. In their earlier work, Halpern et al. 
(1986) speculate that individuals may associate such unpleasant sounds with attack or 
distress calls. However, Thorpe (1961) indicates that high-pitched sounds of songbirds 
are considered positively valenced by human listeners, and Björk (1985) noted that 
unpleasant natural sounds, including bird sounds, tend to have low fundamental 
frequencies, whereas perceptions of activation or arousal in response to these sounds 
were related to higher frequencies. As such, there is mixed evidence for a directional 
relationship between frequency of bird sounds and affective appraisals, and as yet 
limited understanding of how frequency might relate to perceptions of restorative 
potential or cognitive appraisals such as fascination and being away. 
 
5.2.1.3. Smoothness versus roughness 
Existing research on perceptions of sounds, including natural or animal sounds, 
suggests that roughness may be associated with negative valence or unpleasantness 
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(Björk, 1985; Juslin & Laukka, 2003; Tsai et al., 2010). Similarly to sound intensity, 
roughness may also be related to arousal through its association with low frequencies 
and dominant or aggressive animal behaviour (Fitch et al., 2002; Leinonen et al., 2003; 
Blumstein & Récapet, 2009). In terms of relationships between this acoustic property 
and restorative perceptions of bird sounds, it is possible that smooth, rather than rough, 
bird sounds are positively related to valence and negatively related to arousal ratings, 
although potential relationships with restorative perceptions and cognitive appraisals 
such as fascination and being away are unclear. 
 
5.2.2. Aesthetic appraisals 
In Study 1 it was indicated that aesthetic properties of bird sounds may be related to 
their perceived restorative value. The novelty of birdsong as “a different sort of sound” 
was described as helpful for restoration (p. 70), and the “tuneful” quality of birdsong 
implies a complex and patterned arrangement of different notes (p. 66). These 
properties connect with ideas of aesthetics and collative variables – familiarity versus 
novelty, complexity versus simplicity, and pattern versus randomness, as discussed by 
Berlyne (1960), Ulrich (1983), and Kaplan and Kaplan (1989) – which are explored 
below. 
 
5.2.2.1. Familiarity versus novelty 
There is mixed evidence for associations between familiarity with environmental 
stimuli and perceived restoration, with some research suggesting that the two are 
positively, although not always closely, related (e.g. Purcell, Person, & Berto, 2001; 
Hartig & Staats, 2006). In Study 1 it was observed that the perceived novelty of bird 
sounds could provide feelings of escape, which may be similar to the concept of being 
away outlined in attention restoration theory (ART; Kaplan & Kaplan, 1989; Kaplan, 
1995). However, Laumann et al. (2001) note that psychological escape, rather than 
merely experiencing new environmental stimuli, may be more important for restorative 
perceptions. In the context of individual stimuli rather than environments, Berlyne 
(1960, 1970) observed that both novelty of and familiarity with a stimulus have been 
associated with preference, pleasure, and interest, suggesting that predictions regarding 
the role of familiarity in restorative perceptions and affective and cognitive appraisals of 
bird sounds may not be clear-cut. More recently, Medvedev et al. (2015) linked 
perceived familiarity of bird sounds with their ability to generate stress recovery 
outcomes.  
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5.2.2.2. Complexity 
Environmental complexity is presented as a contributor to perceptions of nature as 
restorative (Ulrich, 1983; Kaplan & Kaplan, 1989), and it seems likely that the aesthetic 
property of complexity relates both to affective appraisals such as pleasure and arousal 
(cf. Berlyne, 1960, 1970) and cognitive appraisals such as Fascination along with 
overall perceptions of restorative potential (Kaplan & Kaplan, 1989). However, there 
has been little study of such relationships in the context of restorative acoustic 
environments and stimuli. Ulrich (1983) discusses the role of visual complexity only in 
preferences for and restorative experiences in nature, and while Berlyne’s (1971) work 
on aesthetics does consider acoustic stimuli, his studies focused on interest and affective 
appraisals and not restoration from stress or cognitive fatigue. As such, there is a need 
to examine connections between complexity and restorative perceptions in the context 
of specific natural sounds. 
 
5.2.2.3. Pattern 
According to existing theories of restorative environments, patterned or structured 
environments ease cognitive processing, and aid affective recovery through affordances 
of safe, coherent spaces (Ulrich, 1983; Kaplan & Kaplan, 1989; Kaplan, 1995; Joye, 
2006; Joye & van den Berg, 2011), while Berlyne (1960) argues that a moderate level of 
unpredictability or randomness amongst stimuli encourages interest and arousal. 
However, this focus on pattern versus randomness in restorative environments and 
aesthetics is centred on to visual experiences, with particular emphasis on self-similarity 
in stimuli such as trees or foliage (e.g. Joye, 2006; Hagerhall et al., 2008). There is a 
lack of research on whether perceptions of pattern are related to restorative judgments 
regarding acoustic stimuli, and in particular specific sounds like birds which possess 
patterned structures in their own right (Thorpe (1961).  
 
5.3. Aims 
 
The literature reviewed above suggests that certain acoustic and aesthetic properties of 
bird sounds may relate to how restorative they are perceived to be; that is, perceptions 
of their restorative potential (PRP) in situations of stress and cognitive fatigue; affective 
appraisals of valence and arousal in response to the sounds; and cognitive appraisals of 
the sounds as generating fascination and a sense of being away as noted in Study 1. The 
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acoustic and aesthetic properties identified above are also informed by those highlighted 
as being potentially relevant in Study 1. 
 
The present study sought to examine these potential relationships by a) quantifying 
perceptions of bird sounds as restorative, as measured via ratings of perceived 
restorative potential (PRP) and affective and cognitive appraisals of fifty ten-second 
bird sound clips under states of imagined stress and mental fatigue; b) examining how 
these ratings may be predicted by the objectively measured acoustic and subjectively 
measured aesthetic properties of the sounds; that is, their objectively measured sound 
intensity, smoothness, and frequency, and their subjectively measured familiarity, 
complexity, and pattern. Objective familiarity was also captured by identifying country 
of origin of the bird sound. In so doing, this study aimed to clarify the perceptual 
properties that underpin perceptions of bird sounds as beneficial for restoration and 
relate them to existing theories of attention restoration and stress recovery. Given the 
lack of research on acoustic and aesthetic properties of auditory natural stimuli and 
restorative perceptions, this study explored potential relationships between these 
variables without setting (directional) hypotheses. 
  
The aim of this study was not to study inter-relationships between ratings of the overall 
perceived restorative potential (PRP) of the bird sounds and affective and cognitive 
appraisals, nor was it to examine inter-relationships between acoustic and aesthetic 
properties in the context of those dependent variables. Rather, the aim of this study was 
to establish whether, and to what extent, the acoustic and aesthetic variables identified 
as influential in Study 1 might directly predict ratings of PRP, affective appraisals, and 
cognitive appraisals. 
 
5.4. Method 
 
5.4.1. Participants and design 
174 adults aged between 18 and 68 (M = 35.52 years, SD = 13.22), who self-reported 
being residents of the United Kingdom, were recruited from the general population 
through online and local advertising in London and the South East of England. This 
took the form of recruitment via social media, electronic mailing lists, snowball 
sampling via email, and posters placed on community notice boards. 123 were female, 
50 were male, and one did not indicate gender. They were invited to participate in study 
 104 
about responses to environmental sounds. Participants did not receive financial 
remuneration for their time. They were randomly assigned to one of five groups in order 
to rate a subsample of ten randomly ordered bird sounds. Ns within each group ranged 
from 30 to 39. 
 
5.4.2. Materials and stimuli 
 
5.4.2.1. Dependent variables 
Three types of measure were used as dependent variables associated with perceptions of 
restorative potential: perceived restorative potential (PRP) in response to a stress and 
cognitive fatigue vignette; affective appraisals of valence and arousal; and cognitive 
appraisals of fascination and being away drawn from attention restoration theory. These 
variables are discussed below. 
 
5.4.2.1.1. Perceived restorative potential (PRP) 
Perceived restorative potential (PRP) was measured in response to a vignette designed 
to emulate a state of stress and cognitive fatigue. Staats, Kieviet, and Hartig (2003) and 
Staats and Hartig (2004) utilised vignettes detailing the presence or absence of 
attentional fatigue in order for participants to assume the need for restoration, or not, 
before rating the likelihood of restoration in response to visual stimuli of natural and 
urban environments. Given that the aim of the present study was to evaluate restorative 
perceptions of bird sounds, rather than wider soundscapes, use of a vignette measure 
was deemed more appropriate than use of the well-established Perceived 
Restorativeness Scale (PRS; Hartig et al., 1997; Hartig, Kaiser, & Bowler, 1997), which 
has a largely visuo-spatial focus, or the Perceived Restorativeness Soundscapes Scale 
(PRSS; Payne, 2013), which does not focus on specific sounds. In addition, the present 
study’s emphasis on individual bird sounds, short by their nature, meant that measuring 
actual restoration following stress or attentional fatigue was not viable in this paradigm. 
This is explored later in this thesis, in Study 4. Measuring the perceived restorative 
potential of environmental stimuli subjectively, and in response to imagined scenarios, 
has a reliable and valid basis in research on environmental restoration using visual 
stimuli (cf. Staats et al., 2003, and Staats & Hartig, 2004) and this study extends its use 
to auditory stimuli. 
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The vignette in this study was adapted from Staats, Kieviet, and Hartig (2003) and 
Staats and Hartig (2004), and describes a scenario in which the participant is both 
mentally fatigued from work and stressed and upset from an argument with a friend: 
 
“You’ve been working very hard recently. Now, after a long day, you really 
have had it. You have difficulty concentrating and are very irritable. To top it all 
off, you have had an upsetting argument with a friend and are feeling very 
stressed out about it. You sit down somewhere to take a break. To what extent 
would listening to this sound help you to recover in this scenario?” 
 
Participants were asked to indicate the extent to which each bird sound would help them 
recover from the presented scenario, on a scale of 1 (not at all) to 7 (completely). A 
pilot study of N = 47 participants rated the scenario as conceivable (M = 4.11, SD = .82) 
and moderately familiar (M = 3.00, SD = 1.17) on a scale from 1 (Not at all) to 5 
(Completely). These ratings broadly correspond with a pilot study conducted by Staats 
et al. (2003), in which a similar scenario of attentional fatigue was rated as conceivable 
(4.2 out of 5) and familiar (3.9 out of 5). 
 
5.4.2.1.2. Affective appraisals 
The valence and arousal dimensions of the pictorial Self Assessment Manikin scale 
(SAM; Bradley & Lang, 1994) were used to measure affective appraisals in response to 
each sound. Each single-item scale measured affective response to a stimulus on a 9-
point scale, from sad/calm (1) to happy/activated (9). Affective appraisals of affect and 
arousal have been implicated in perceptions and experiences of restorative 
environments, and particularly natural sounds (Ulrich, 1983; Benfield et al., 2014; see 
also Study 1). 
 
5.4.2.1.3. Cognitive appraisals 
Ratings of fascination and being away were measured using single items in response to 
each sound. The items used here are derived from items in scales in published papers. 
Items for being away (“Listening to this sound is an escape experience.”) and 
fascination (“This sound has fascinating qualities.”) were adapted from the highest-
loading items on being away and fascination factors in Hartig et al.’s (1997a) Revised 
Perceived Restorativeness Scale (R-PRS). Each item was rated in terms of agreement on 
a scale from 0 (not at all) to 6 (completely), as in the R-PRS. These two factors from 
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attention restoration theory do not rely on visuo-spatial judgments and were highlighted 
in Study 1 as being present in individuals’ judgments of bird sounds as potentially 
restorative. 
 
5.4.2.2. Independent variables 
This study aimed to examine the absolute acoustic properties that might predict ratings 
of restorative potential and affective and cognitive appraisals, free from influence 
associated with musical or acoustic expertise that can alter such perceptions (e.g. 
Besson, Schön, Moreno, Santos, & Magne, 2007). As such, objective measures of 
acoustic properties of bird sounds were utilised. These were computed using the 
bioacoustics software Praat (Boersma & Weenink, 2012). Self-report measures of 
aesthetic properties (familiarity, complexity, and pattern) were used due to the more 
subjective nature of these variables, particularly familiarity (cf. McDermott, 2011). 
 
5.4.2.2.1. Objective acoustic properties 
Sound intensity was measured in dB LAeq (A-weighted equivalent sound pressure level 
in decibels) as used by both Björk (1985) and Gomez and Danuser (2007), with higher 
values corresponding to louder, more intense sounds. Since measurement of LAeq as 
heard by participants was not possible due to the online nature of this study, these data 
were gathered by proxy using a sound pressure level meter and closed-back 
headphones, and participants were asked to calibrate their computer’s audio output to a 
certain level using a loudness matching task. This task is described in 5.4.3. 
 
Smoothness was measured using the harmonics-to-noise ratio (HNR), expressed in 
decibels (dB). This measure expresses the ratio of harmonic (smooth) components of an 
acoustic signal to its noisy (rough) components. HNR has been used with bioacoustic 
signals such as the human voice and dog barks, with low values representing harsh, 
rough sounds and high values representing smooth, clear sounds (Riede et al., 2001). 
 
Frequency was measured using the mean fundamental frequency (F0) value, expressed 
in Hertz (Hz), for each bird sound, with increasing values corresponding to higher 
frequency or pitch. Björk (1985) reported that subjective perception of pitch was 
positively correlated with mean fundamental frequency (ρ = .95).  
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5.4.2.2.2. Subjective and objective aesthetic appraisals 
Familiarity, complexity, and pattern were measured using self-report semantic 
differential scales based on those used by Björk (1985). These were three items on a 
seven-point scale (1 – 7): very unfamiliar – very familiar, very simple – very complex, 
very random – very patterned. Country of origin of the bird sound (UK or Australia) 
was also included as an objective measure of familiarity, where 1 = UK and 2 = 
Australia. 
 
5.4.2.3. Stimuli 
Audio clips of fifty bird sounds, each ten seconds in length, were compiled based on the 
most common bird species in the South-East of England, United Kingdom (UK), in 
2011 (British Trust for Ornithology, 2012) and the most common bird species in New 
South Wales, Australia in 2010 (BirdLife Australia, 2012), as well as bird sounds listed 
by participants as being restorative or non-restorative in Study 1. A list of the bird 
species is provided in Appendix B, and the audio clips are included in Appendix E. 
Australian bird species were chosen in order to provide a range of novel bird stimuli 
because many of their sounds are substantially different to those produced by British 
birds. Clips of bird songs were used where relevant to the species, but if no song was 
made by a species then a typical call was used instead. However, it is noted that birds 
make a variety of different sounds depending on context. This study only examined one 
type of sound per bird species, and as such only makes statements about a characteristic 
sound of each bird, rather than the bird itself. Sounds were sourced from high-quality 
sound libraries (e.g. British Library, xeno-canto.org) and were used with permission 
where necessary.  
 
Sounds were reviewed for accuracy by two bird experts, and assigned to one of five sets 
each containing five randomly selected British bird sounds and five randomly selected 
Australian bird sounds. The sounds in each set were presented in a random order, and 
were looped to allow the participant to listen continuously whilst answering questions 
about each sound. No species names or contextual information about the bird sounds 
were provided, so as not to influence participants’ perceptions of the sounds, and the 
bird sounds were isolated from other environmental sounds (such as wind or other bird 
or animal sounds) as far as possible. Participants were asked to listen to the sounds 
using headphones or earphones where available.  
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5.4.3. Procedure 
After providing informed consent and indicating their type of listening equipment, 
participants were asked to calibrate the output of their headphones, earphones, or 
speakers via comparison of the loudness of a short audio clip of a clicking ballpoint pen 
with the loudness of this sound in reality. This calibration helped to standardise the 
loudness of the bird sound clips in the absence of experimenter controls. A ballpoint 
pen was chosen as the stimulus because it was felt to be easily replicable and accessible 
for participants. Participants were asked to raise their computer volume from muted 
until the sound of the audio clip and the sound of their own ballpoint pen were judged to 
be of equal loudness. Instructions for this task are provided in Appendix B. 
 
Following calibration, participants completed a brief demographics measure and were 
presented with ten bird sound clips in a random order and asked to rate each one on 
familiarity, complexity, pattern, affective and cognitive appraisals, perceived restorative 
potential (PRP), and qualitative associations (which are discussed in Study 2B), before 
moving on to the next sound. Participants completed the items for a practice sound 
(cicadas chirping) before rating the ten bird sounds. After rating all the sounds, 
participants completed an exit item regard the comfort of the sounds’ loudness on the 
preceding pages (1 = Very uncomfortable, 5 = Very comfortable). They were then 
thanked and debriefed online. The questionnaire items used in this study are included in 
Appendix B. 
 
5.5. Results 
 
5.5.1. Data screening 
Twenty-three participants indicated that the sounds they heard were uncomfortably loud 
(scoring 2 or lower on a scale from 1 to 5 as described in 5.4.3), and two participants 
indicated that they had severe functional hearing difficulties (e.g. unilateral deafness). 
Data from these 25 participants were excluded from further analyses on the basis that 
they would not have heard the audio stimuli as intended. Based on responses provided 
by the remaining 149 participants, a data set of fifty cases was compiled comprising 
acoustic properties per bird sound, country of origin of each bird sound, and average 
score per bird sound on aesthetic appraisals, affective appraisals, and Fascination and 
Being Away items. Data screening showed that the regression residuals of these fifty 
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cases were normally distributed and that there were no univariate outliers based on 
inspection of z-scores. 
 
5.5.2. Multiple regression analyses 
Five multiple linear regression analyses were conducted, with PRP, valence, arousal, 
fascination, and being away scores as respective dependent variables (DVs), and sound 
intensity, smoothness, frequency, country of origin, familiarity, complexity, and pattern 
as independent variables (IVs). No multivariate outliers were identified, using 
Mahalanobis Distance values at 7 df, p = .001. A correlation matrix is provided in Table 
5.1, overleaf, in order to show relationships between the variables for informational 
purposes, although analysis of inter-relationships between IVs or DVs was beyond the 
scope of this study.
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Table 5.1. Matrix of correlations between acoustic and aesthetic properties, cognitive and affective appraisals, and perceived restorative potential 
(PRP) per bird sound. 
 
Variables PRP Valence Arousal Fascination Being 
away 
Intensity Smoothness Frequency Country 
of origin 
Familiarity Complexity Pattern 
Valence .95***            
Arousal -.78*** -.71***           
Fascination .87*** .84*** -.50***          
Being away .97*** .96*** -.68*** .92***         
Intensity (dB LAeq) -0.25* -0.20 0.45*** -0.12 -0.19        
Smoothness (HNR) 0.43*** 0.46*** -0.36** 0.39** 0.46*** 0.27*       
Frequency (Hz) 0.55*** 0.59*** -0.34** 0.46*** 0.55*** -0.14 0.31*      
Country of origin -0.20 -0.21 0.18 -0.08 -0.16 0.12 0.08 -0.09     
Familiarity 0.45*** 0.47*** -0.46*** 0.56 0.37** -0.26* -0.05 0.30** -0.62***    
Complexity 0.46*** 0.43*** -0.05 0.74*** 0.55*** 0.06 0.13 0.34*** -0.01 -0.03   
Pattern 0.22 0.28* -0.35** -0.09 0.15 -0.22* 0.14 0.05 -0.20 0.29* -0.50***  
             
Mean 3.29 5.87 4.44 4.09 3.54 55.48 13.28 2922.00 -  1 4.59 4.62 4.60 
Standard deviation  1.04 1.02 0.56 0.72 0.89 3.93 7.18 1708.67 - 1.36 0.86 0.75 
 
1 Categorical variable (1 = UK, 2 = Australia) 
N = 50 
* p < .05, ** p < .01, *** p < .001
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5.5.2.1. Regressing PRP score on acoustic and aesthetic variables 
Multiple regression analysis revealed that R2 was significantly different from zero, F (7, 
42) = 15.77, p < .001, with R2Adj at .68, indicating that approximately 68% of the 
variance in PRP score was predicted by acoustic and aesthetic properties of the bird 
sounds. As indicated in Table 5.2, the size and direction of relationships between 
variables showed that the bird sounds perceived to be most restorative were those that 
sounded smooth, that were not intense, and were complex, familiar, and patterned. 
Frequency and country of origin did not significantly predict PRP score.  
 
Table 5.2. Multiple linear regression statistics and significance values for predictor 
variables (acoustic and aesthetic properties) with PRP as dependent variable. 
 
IV t B SE B β p 
Sound intensity -2.14 -.05 .03 -.20 .04 
Smoothness 3.67 .05 .01  .35 .001 
Frequency 1.10 < .01 < .01 .11 .28 
Country 1.01 .22 .22 .11 .32 
Familiarity 3.36 .29 .09 .38 .002 
Complexity 5.18 .66 .13 .54 < .001 
Pattern 2.64 .39 .15 .29 .01 
      
N = 50 
 
5.5.2.2. Regressing valence on acoustic and aesthetic variables 
Multiple regression analysis revealed that R2 was significantly different from zero, F (7, 
42) = 18.15, p < .001, with R2 Adj at .71, indicating that approximately 71% of the 
variance in valence score was predicted by acoustic and aesthetic properties of the bird 
sounds. As shown in Table 5.3, bird sounds that were rated as more positively valenced 
were those that sounded smooth, and were perceived to be complex, familiar, and 
patterned. Sound intensity, frequency, and country of origin were not significant 
predictors. 
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Table 5.3. Multiple linear regression statistics and significance values for predictor 
variables (acoustic and aesthetic properties) with valence score as dependent variable. 
 
IV t B SE B β p 
Sound intensity -1.25 -.03 .02 -.11 .22 
Smoothness 3.58 .05 .01 .33 .001 
Frequency 1.88 < .01 < .001 .18 .07 
Country 1.09 .22 .20 .11 .28 
Familiarity 3.54 .29 .08 .38 .001 
Complexity 5.21 .61 .12 .52 < .001 
Pattern 3.46 .48 .14 .36 .001 
 
N = 50 
     
 
5.5.2.3. Regressing arousal on acoustic and aesthetic variables 
Multiple regression analysis revealed that R2 was significantly different from zero, F (7, 
42) = 8.40, p < .001, with R2Adj at .51, indicating that approximately 51% of the variance 
in arousal score was predicted by acoustic and aesthetic properties of the bird sounds. 
As shown in Table 5.4, sound intensity was a significant positive predictor, and 
smoothness and familiarity were significant negative predictors. Frequency, country of 
origin, complexity and pattern were not significant predictors. 
 
Table 5.4. Multiple linear regression statistics and significance values for predictor 
variables (acoustic and aesthetic properties) with arousal score as dependent variable. 
 
IV t B SE B β p 
Sound intensity 4.05 .07 .02 .47 < .001 
Smoothness -4.11 -.04 .10 -.49 < .001 
Frequency .19 < .001 < .001 .02 .85 
Country -.86 -.12 .14 -.11 .40 
Familiarity -3.00 -.17 .06 -.42 .005 
Complexity -.65 -.05 .08 -.08 .52 
Pattern -.66 -.07 .10 -.09 .51 
 
N = 50 
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5.5.2.4. Regressing fascination on acoustic and aesthetic variables 
Multiple regression analysis revealed that R2 was significantly different from zero, F (7, 
42) = 17.46, p < .001, with R2Adj at .70, indicating that 70% of the variance in 
fascination score was predicted by acoustic and aesthetic properties of the bird sounds. 
As shown in Table 5.5, complexity was a strong and significant positive predictor of 
fascination, and smoothness was also a positive predictor. Frequency, sound intensity, 
country of origin, familiarity, and pattern were not significant predictors. 
 
Table 5.5. Multiple linear regression statistics and significance values for predictor 
variables (acoustic and aesthetic properties) with fascination score as dependent 
variable. 
 
IV t B SE B β p 
Sound intensity -1.84 -.03 .02 -.17 .07 
Smoothness 3.27 .03 .01 .30 .002 
Frequency .33 < .01 < .001 .03 .74 
Country .37 .05 .14 .04 .71 
Familiarity 1.05 .06 .06 .12 .30 
Complexity 7.90 .66 .08 .80 < .001 
Pattern 1.77 .18 .10 .18 .08 
 
N = 50 
     
 
5.5.2.5. Regressing being away on acoustic and aesthetic variables 
Multiple regression analysis revealed that R2 was significantly different from zero, F (7, 
42) = 17.28, p < .001, with R2Adj at .70, indicating that 70% of the variance in being 
away score was predicted by acoustic and aesthetic properties of the bird sounds. As 
shown in Table 5.6, complexity was a strong and significant positive predictor of being 
away, along with familiarity and to a lesser extent pattern. Of the acoustic properties, 
smoothness was the only significant positive predictor. Frequency, sound intensity, and 
country of origin were not significant predictors. 
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Table 5.6. Multiple linear regression statistics and significance values for predictor 
variables (acoustic and aesthetic properties) with being away score as dependent 
variable. 
 
IV t B SE B β p 
Sound intensity -1.84 -.04 .02 -.17 .07 
Smoothness 3.93 .05 .01 .36 < .001 
Frequency 1.03 < .01 < .001 .10 .31 
Country 1.00 .18 .18 .10 .32 
Familiarity 2.91 .21 .07 .32 .01 
Complexity 6.18 .65 .11 .63 < .001 
Pattern 2.69 .33 .12 .28 .01 
      
N = 50 
 
5.6. Discussion 
 
Building on findings from Study 1, the present study found that acoustic properties of 
sound intensity and smoothness, and aesthetic properties of familiarity, pattern, and 
complexity, were significant predictors of restorative perceptions of bird sounds as 
measured through ratings of their perceived restorative potential (PRP) and affective 
and cognitive appraisals. Together, acoustic and aesthetic factors predicted 
approximately 70% of variance in PRP, valence, fascination, and being away scores, 
and approximately 50% of variance in arousal scores. The lower level of explained 
variance for arousal suggests that factors beyond acoustics and aesthetics, such as 
semantic properties, might play a greater role in appraisals of bird sounds as arousing. 
Relationships between such properties and the variables that did predict arousal in this 
study are discussed in sections 5.6.1 and 5.6.2. 
 
5.6.1. Acoustics 
Acoustic properties of sound intensity and smoothness were significant predictors of 
PRP score and arousal, while smoothness alone was a significant predictor of valence, 
fascination, and being away. Frequency was not a significant predictor of any of the 
dependent variables. These findings confirm existing evidence suggesting that sound 
intensity may primarily be associated with arousal and stress rather than perceptions of 
pleasantness or cognitive appraisals (Björk, 1985; Schubert, 2004; Tsai et al., 2010) and 
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extends this by linking it to perceptions of restorative potential, supporting findings 
from Study 1 that noisy, loud bird sounds were not considered restorative. 
 
The consistent relationship between smoothness and all dependent variables supports 
evidence suggesting that smooth or consonant sounds are considered more pleasant, or 
least less unpleasant, than rough sounds (e.g. Berlyne, 1971; Kumar et al., 2008), and 
pleasantness of natural stimuli is theorised to be important in perceptions of their 
restorativeness (Kaplan & Kaplan, 1989; Kaplan, 1995). The fact that smooth sounds 
possess inherent structure – that is, they are not chaotic or unharmonic – may also 
explain their positive prediction of attention restoration constructs of Fascination and 
Being Away, in that they can be easily processed. 
 
The lack of a significant predictive role of frequency in relation to any of the dependent 
variables contradicts previous findings of associations between either high or low-
pitched natural sounds and unpleasantness, and high-pitched natural sounds and arousal 
(Björk, 1985; Kumar et al., 2008). It extends these by determining that frequency does 
not significantly predict restorative perceptions of bird sounds. In Study 1, participants 
reported restorative perceptions of bird sounds that can be characterised by low 
frequencies, such as wood pigeons and owls, as well as higher-frequency sounds of 
songbirds. Findings in this study extend this by indicating that frequency may matter 
less for restorative potential and cognitive and affective appraisals of bird sounds than 
other acoustic properties such as sound intensity and smoothness.   
 
Although sound intensity and smoothness were significant predictors of arousal, overall 
the acoustic properties explained less variance in this affective appraisal than in the 
remaining dependent variables. This indicates that other, non-measured properties of the 
bird sounds may contribute to appraisals of arousal. One such property may be the 
semantic value of the bird sound, or its meaning. Acoustic properties such as intensity 
and smoothness can be indicators of intention behind the sound, such as threatening 
versus submissive behaviour (Morton, 1977; Halpern et al., 1986; Tsai et al., 2010), but 
this is a generic type of meaning that may be perceived relatively similarly across 
participants; indeed, multiple participants in Study 1 related raucous bird sounds to 
aggressive bird behaviour and perceptions of stress and fear. In contrast, associations 
with bird sounds can vary between individuals and cultures (Mynott, 2009) and this 
could be responsible for some of the unexplained variance in arousal in this study. 
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Future research exploring both generic and personal meaning-based associations, and 
their relationships to perceptions of bird sounds as restorative or arousing, may shed 
light on individual differences in response to natural stimuli. These themes are explored 
further in Studies 2B and 3 of this thesis. 
 
5.6.2. Aesthetics 
 
5.6.2.1. Familiarity 
All dependent variables, with the exception of fascination, were significantly predicted 
by familiarity ratings. In the case of PRP, valence, and being away scores, familiarity 
was a positive predictor, while it was a negative predictor of arousal. In Study 1, some 
participants felt that the novelty of certain bird sounds would be helpful for restoration, 
but findings from this study contradict this position and suggest that, when not studied 
directly, familiar bird sounds are perceived as restorative, pleasant, low in arousal, and 
generating a sense of being away. In addition to supporting links between restoration 
and familiarity of bird sounds as observed by Medvedev et al. (2015), these associations 
support findings from literature on music perception, whereby familiarity has been 
found to be related to intensity of emotional responses such as liking (McDermott, 
2011; Peretz, Gaudreau, & Bonnel, 1998). Novel stimuli tend to increase arousal 
(Berlyne, 1960), and such responses may not be beneficial for restoration if arousal 
levels are already elevated (Ulrich, 1983). 
 
Kaplan and Kaplan (1989) suggest that being away from one’s everyday concerns can 
aid recovery from cognitive fatigue, but Laumann et al. (2001) note that being amongst 
novel stimuli is conceptually different from achieving psychological escape or 
awayness. In the context of this study, the observation that familiar birds are perceived 
to be more restorative than novel bird sounds suggests that listeners may not need to 
travel far to find this kind of psychological escape. It is also notable that this 
relationship was based on perceived, rather than absolute, novelty, since country of 
origin was not a significant predictor of any of the dependent variables. Future studies 
may wish to investigate whether explicitly stating whether or not the bird is native 
influences restorative perceptions of its sound, as well as exploring whether reciprocal 
relationships between familiarity and restorative potential might be found amongst a 
sample of Australian participants. 
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5.6.2.2. Complexity 
With the exception of arousal, all dependent variables were significantly and positively 
predicted by complexity ratings. Complex bird sounds were rated as higher in PRP, 
more pleasant, more fascinating, and generated higher being away ratings than bird 
sounds that were simple. This extends existing findings that complex visuo-spatial 
elements of nature can also be perceived as restorative (Ulrich, 1983; Kaplan & Kaplan, 
1989). This study also demonstrates that complexity is related to a sense of being away, 
which might be related to the distraction offered by complex, rather than simple, bird 
sounds. Finally, it is notable that complexity was not a significant predictor of arousal 
ratings, despite evidence suggesting that high complexity can be related to increased 
arousal (e.g. Berlyne, 1960, 1971; Ulrich, 1983). This study demonstrates that such 
relationships may not extend to perceptions of bird sounds. 
 
5.6.2.3. Pattern 
Pattern was a significant, positive predictor of PRP, valence, and being away scores. 
Ulrich (1983) theorised that structured natural environments are more likely to be 
restorative than chaotic ones due to their ease of navigability, and similarly Kaplan and 
Kaplan (1989) proposed that an environment that is coherent will also be easier to 
process, and therefore is more likely to be restorative. This perspective is echoed in 
Joye and van den Berg’s (2011) processing fluency account (PFA). Findings regarding 
pattern in this study suggest that these theoretical constructs may be applicable to bird 
sounds as well as visuo-spatial stimuli. It is notable that pattern was not significantly 
related to arousal or fascination. These two variables were better predicted by 
complexity, which aligns with both attention restoration theory and stress recovery 
theory due to relationships between complexity, stimulation, and interest (Berlyne, 
1960, 1971; Ulrich, 1983; Kaplan & Kaplan, 1989). A speculative explanation for the 
predictive role of pattern in ratings of being away may be that patterned bird sounds 
required less focus and a greater opportunity to escape the need for concentration, in 
comparison to more unpredictable bird sounds. 
  
5.6.3. Study limitations 
 
5.6.3.1. Contributions of semantic and individual differences to ratings 
The regression models above predicted between 50 and 71% of variance in PRP, 
affective appraisal, and cognitive appraisal variables. However, given that scores were 
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averaged per bird rather than per participant, some data regarding individual participant 
responses to the bird sounds is inevitably lost. In relation to variables such as 
familiarity, this may mean that the estimates of explained variance should be interpreted 
with caution. 
 
Furthermore, as discussed in section 5.6.1, individual differences in associations with 
bird sounds were not captured in this study and may contribute to unexplained variance. 
As other authors on perceptions of and responses to nature have noted (e.g. Ulrich, 
1983; Pretty, 2004; Kumar et al., 2008), the semantic value of such stimuli is likely to 
contribute to perceptions of their restorative value. A speculative interpretation of this 
study’s findings is that certain acoustic properties, such as intensity and smoothness, 
may be associated with the intention behind the sound, particularly aggressive or 
threatening behaviour on the part of the animal making the sound (cf. Morton, 1977; 
Tsai et al., 2010). Furthermore, individuals may have personal or cultural associations 
with bird sounds independent of their perceptual properties; for example, certain birds 
may be associated with memories of a place or time (Mynott, 2009). Future research 
could explore the associations that individuals make with these kinds of sounds, and 
whether they reflect perceptions of positive or negative meanings that might influence 
their restorative potential. This is a topic explored in Study 2B, in the next chapter. 
 
5.6.3.2. Assumed need for restoration through use of vignettes 
In this study a vignette that detailed the need for affective and attentional restoration 
was utilised, requiring participants to rate the likelihood that each bird sound would 
help them recover from such a scenario as well as provide ratings of affective and 
cognitive appraisals of each sound. The vignette approach has been utilised in previous 
restorative environments literature, in which such a scenario was rated as familiar and 
conceivable (Staats et al., 2003; Staats and Hartig, 2004). The scenario used in this 
study was rated as less familiar to participants than that used in the work of Staats and 
colleagues, but it was similarly conceivable. As such, it is presented as a valid and 
reliable way of subjectively assessing the perceived restorative potential of a range of 
brief auditory stimuli, particularly since other subjective measures of restorative 
potential focus on visuo-spatial experience (e.g. PRS, Hartig et al., 1997) or broader 
soundscapes (e.g. PRSS, Payne, 2013). 
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This study examined multiple facets of restorative perceptions of bird sounds by 
measuring a set of dependent variables known to relate to restoration in natural 
environments (that is, perceived restorative potential and affective and cognitive 
appraisals). These variables were identified in Study 1 as being particularly relevant to 
restorative perceptions of bird sounds. Single-item measures were deemed most 
appropriate so as not to exhaust participants during the procedure. However, it is 
acknowledged that this type of dependent variable may lead to a lack of reliability. 
Future research may wish to induce affective and attentional fatigue and measure 
responses to a smaller range of bird sounds, using multiple-item instruments such as a 
short measure of subjective restorative and/or affective outcomes, e.g. the Restoration 
Outcome Scale (ROS; Korpela, Ylén, Tyrväinen, & Silvennoinen, 2008) as well as 
performance and/or psychophysiological measures. 
 
5.6.3.3. Online nature of the study 
Given that this study was conducted in an online setting, certain factors were beyond 
experimental control – namely, the equipment that participants used to listen to the 
sounds and the acoustic setting that they conducted the study in. Participants were asked 
to participate in the study at a time when they were free from interruptions in order to 
minimise interference from extraneous stimuli. Participants were also asked to complete 
a short audio calibration task before listening to the sounds, in order to maintain 
approximately the same level of sound pressure level across the sample, and to 
familiarise themselves with the questions through use of a practice task. However, 
future research may benefit from being conducted in a laboratory using standardised 
equipment and headphones in order to further control for error variance associated with 
differences in procedure.   
 
5.6.3.4. Sounds isolated from the wider soundscape 
The purpose of this study was to examine the relative contributions of acoustic and 
aesthetic properties of bird sounds to ratings of their perceived restorative potential, in 
order to better understand the perceptual mechanisms through which cognitive, 
affective, and restorative appraisals of this common stimulus might occur. In order to do 
this accurately, it was necessary to isolate the bird sounds from their acoustic context as 
far as possible. This was done by presenting the bird sounds in short clips, free of 
extraneous sounds made by other birds and animals, or water and wind. Ratings and 
measurements of aesthetic and acoustic properties were therefore made in response to 
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the bird sounds alone rather than any accompanying sounds. However, it is 
acknowledged that bird sounds are rarely heard in isolation in the natural world, and are 
usually experienced in the context of a wider natural soundscape. Therefore, this study 
does not seek to extend conclusions about the predictive role of acoustics and aesthetics 
in the perceived restorative potential of other natural sounds, soundscapes, or 
environments; rather, it is hoped that these findings will serve as a first step in showing 
that acoustics and aesthetics may play a role in restorative perceptions of bird sounds, at 
the least. 
 
5.7. Conclusions and Next Steps 
 
This study explored predictive relationships between acoustic and aesthetic properties 
and restorative perceptions relating to 50 bird sounds. Through an online study 
conducted with 174 participants, a number of acoustic and aesthetic properties were 
found to significantly predict ratings of restorative properties associated with British 
and Australian bird sounds; that is, perceived restorative potential (PRP), valence, 
arousal, fascination, and being away. Smoothness of the sounds was a consistent 
predictor, with sound intensity, familiarity, complexity, and pattern also offering 
significant predictions depending on the DV in question. Frequency was not a 
significant predictor of any of the DVs. 
 
These findings indicate that certain perceptual and aesthetic properties of bird sounds 
are related to how restorative they are considered to be and how they are cognitively 
and affectively appraised. Given that the majority of literature in the field has focused 
on visuo-spatial experience of nature, this study provides novel insight into restorative 
nature as experienced through sound, and specifically a type of sound that individuals 
perceive to be particularly restorative as observed in Study 1. In so doing it highlights 
the need for further study of the role of perceptual properties of auditory environments 
in restoration as well as those that are experienced visuo-spatially. 
 
The findings of this study demonstrate that acoustic and aesthetic factors may have a 
significant bearing on restorative perceptions of bird sounds, but is likely that semantic 
values may contribute to the unexplained variance in perceptions of these sounds, 
particularly as some acoustic properties such as intensity and smoothness may have 
semantic significance relating to aggressive behaviour (cf. Kumar et al., 2008; 
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McDermott, 2011). In addition, associations with bird sounds can differ between 
individuals and cultures (cf. Mynott, 2009; Cocker, 2013). By exploring how the 
meanings of bird sounds – in their own right and in relation to acoustics and aesthetics – 
relate to and can influence restorative perceptions and outcomes, it may be possible to 
learn more about the mechanisms behind restorative experiences of nature. The 
relevance of semantic properties of bird sounds, such as their meanings and associative 
values, is explored in Study 2B, which is discussed in the following chapter. 
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Chapter Six 
 
Study 2B 
A qualitative study of associations with bird sounds, and their relationships with 
quantitatively measured perceived restorative potential 
 
6.1. Abstract 
 
Qualitatively recorded perceptions of the restorative potential of bird sounds can vary 
with the semantic value of the sounds, particularly as judged through associations and 
memories, as shown in Study 1. However, there is a lack of systematic study of these 
semantic values, and their relationships to quantitative judgments of their restorative 
potential, particularly over a wide range of bird sounds. In this study, 116 participants 
provided qualitative data regarding associations and memories with 50 bird sounds 
native to the United Kingdom and Australia. Thematic content analysis revealed four 
main themes. Bird sounds were associated with imagined environments, animals, time 
and season, and activities within the environment. Bird sounds quantitatively rated as 
high and low in perceived restorative potential (PRP) in Study 2A were dissociable 
within these four themes. High-PRP bird sounds were associated with verdant 
environments, often related to family and specific memories, whilst low-PRP bird 
sounds were associated with generic negative symbolism and with perceptions of threat 
as a result of aggressive bird behaviour or a lack of control in the imagined 
environment. These findings confirm findings from Study 1 demonstrating the role of 
associations, and their valence, in PRP ratings of bird sounds, and highlight the 
importance of semantic attributes in restorative perceptions of nature, particularly those 
formed on the basis of personal associations or memories. 
  
6.2. Introduction 
 
Bird sounds, amongst other sounds of nature, can be perceived as helpful for restoration 
from stress and cognitive fatigue, but not all bird sounds are perceived to be equally 
restorative as shown in Study 1. In Study 2A of this thesis it was demonstrated that 
differences in the perceived restorative value of bird sounds are related to their acoustic 
and aesthetic properties, but in Study 1 it was observed that the associative and affective 
value of the bird sound may also be important; that is, what a listener believes the sound 
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conveys about the bird’s behaviour, the environment it might be located in, any personal 
memories associated with the sound, and its symbolic or cultural value (cf. Kumar et al., 
2008; Halpern et al., 1986; McDermott, 2011). In particular, memories associated with 
restorative environments are alluded to in Ulrich’s (1983) stress recovery theory and in 
studies of relationships between favourite places and restoration (e.g. Korpela, 1989), 
but otherwise are rarely studied in the context of restoration and especially in relation to 
bird sounds. As such, this study aimed to explore memories and personal associations as 
well as more generic meanings attached to bird sounds. 
 
6.2.1. Bird sounds and associations with threat 
Study 1 showed that the associative values of different bird sounds are particularly 
important in establishing how they are appraised affectively and how restorative they 
are perceived to be. Bird sounds associated with threatening or aggressive behaviours 
towards other animals are not considered restorative. One participant associated the 
raucous sound of a magpie with its aggressive behaviour and perceived it to be non-
restorative: “... it’s probably being aggressive to something else, and therefore that’s a 
stressful sound...” (p. 66). 
 
The presence of threat in nature has been shown to reduce restorative potential and 
outcomes in these environments; for example, Andrews and Gatersleben (2010) and 
Gatersleben and Andrews (2013) reported that environments low in both prospect and 
refuge (signifiers of safety and security) were associated with reduced restorative 
perceptions and outcomes. Herzog and Rector (2009) noted that a vignette indicating 
the presence of a threatening stranger reduced restorative perceptions of an imagined 
natural environment, and Bixler and Floyd (1997) indicated that non-human threats, 
such as wild animals or risk of getting lost, may also be found in natural environments. 
These findings correspond with prevailing theories of restorative environments, in that 
the presence of threat is likely to increase arousal and negative affective appraisals, 
limiting restoration from stress (Ulrich, 1983), and to impose cognitive demands that 
limit restoration from directed attention fatigue (Kaplan & Kaplan, 1989; Kaplan, 1995). 
However, there is a lack of existing studies that explore how the associations with the 
presence or absence of threat linked to birds might relate to restorative potential, and 
particularly the potential of specific stimuli such as bird sounds.  
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6.2.2. Bird sounds and symbolism 
Beyond merely conveying purely practical information, bird sounds can have symbolic 
value that may affect how they are cognitively and affectively appraised, and perhaps 
how restorative they are perceived to be. Throughout time birds have symbolised 
concepts, events, and aspects of human nature as told through stories and folklore, to the 
extent that they feature more than any other animal in Aboriginal Australian stories 
(Tidemann & Whiteside, 2010). N’gweno (2010) notes that bird sounds are often used 
to convey meaning and messages in folklore, such as the changing seasons, life events, 
and fortunes. She suggests that sound is particularly relevant in bird identification and 
knowledge because they are often heard before they are seen, thus making the bird’s 
sound a symbol in itself for the bird and the concepts it represents. 
 
6.2.2.1. Bird sounds as symbols of plenty 
Bird sounds can be symbols for times of year associated with resources. Sometimes 
these associations are generated through folklore or cultural knowledge, and in others 
they are formed on the basis of personal memories. For example, in Study 1 (p. 65) one 
participant said of the wood pigeon’s song, “That kind of reminds me of summer and 
sort of long, hot summers”, and Mynott (2009) notes that the sound of the crane is 
associated with autumn and bringing in the harvest. Tidemann and Whiteside (2010) 
describe an Aboriginal Australian story in which the sound of the Channel-billed 
Cuckoo is associated with both the start of the rainy season and the presence of manna 
sugar, an energy-rich food source. In hearing these bird sounds, listeners are made 
aware of the presence of life-giving elements of nature. It is possible that these sounds 
may have restorative potential through their associations with vitality and biodiversity, 
perhaps linking to concepts of survival (Ulrich, 1983). 
 
6.2.2.2. Bird sounds as affective symbols 
Birds and their sounds can also be symbolic of positively and negatively valenced 
concepts. In Australian Aboriginal storytelling, the Laughing Kookaburra’s sound 
serves as a symbol of both merriment (Tidemann & Whiteside, 2010) and dawn (Reed, 
1980). Mynott (2009) indicates that symbolic associations with birds differ with culture 
and can be concurrent; for example, the owl has been associated with both wisdom and 
death, and the robin with both life in the depths of winter and concepts of death and 
sacrifice. One participant in Study 1 (p. 66) described “screeches, owls hooting” as 
“archetypal spooky sounds ... Because they’re frightening”, suggesting that certain bird 
  125 
sounds can act as symbols for negative valence or fear in an abstract sense. Bird sounds, 
then, can be associated with concepts and events greater than themselves, and can 
generate affective appraisals based on those symbolic associations. However, it is not 
known to what extent this might relate to their restorative potential.  
 
6.2.2.3. Bird sounds as environmental symbols 
If bird sounds can symbolise ideas such as summer, food, death, and beginnings, 
perhaps they can also symbolise the wider environment that they are drawn from, as 
shown in Shaw et al. (2015) where participants imagined detailed environments based 
on the sounds that they heard around them. Tidemann and Whiteside (2010) note that, 
alongside other animals, birds are invoked in folklore and mythology to explain the 
formation of topographical features and constellations of stars. In Study 1 (p. 68), bird 
sounds were sometimes discussed in the context of being in green spaces such as a 
garden, and of doing activities in those spaces. For example, one participant said, “We 
sit and feed and look after the birds a lot, so certainly I would sit and listen to the 
birds...”, suggesting that the bird sounds he described were linked to the act of both 
sitting outdoors and caring for the birds. This links with a tendency for participants in 
this study to extrapolate from their feelings about bird sounds to their perceptions of the 
broader natural world. For example, one participant expressed a greater connection to 
nature after listening to birds and, conversely, another expressed her lack of interest in 
“nature noises” after discussing bird sounds (p. 72). These findings suggest that bird 
sounds may trigger associations with natural environments and activities in nature, 
experiences of which are known to be restorative in themselves (e.g. Hartig et al., 2003), 
but it is not clear how these associations might vary depending on the type of bird sound.  
 
6.3. Aims 
 
This study explored the types of associations and memories generated by listening to 
fifty bird sounds previously quantitatively rated on perceived restorative potential (PRP) 
as described in Chapter Five. In particular, the study aimed to understand whether a 
range of bird sounds rated as high and low on PRP in Study 2A would generate 
different types of associations. 
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6.4. Method 
 
6.4.1. Participants and design 
This study utilised the same sample of participants as Study 2A, as described in Chapter 
Five. To reiterate, 174 self-reported residents of the United Kingdom, aged between 18 
and 68 (M age = 35.52 years, SD = 13.22; fifty males), were recruited via online 
advertising. They participated in an online sound rating study in which they were asked 
to listen to ten of fifty bird sounds and rate them on a number of variables. For further 
details of the sounds and sample, please see Chapter Five. The sounds themselves are 
supplied in Appendix E. 
 
In this study, participants rated the bird sounds on perceived restorative potential (PRP) 
and their aesthetic properties, and provided qualitative data regarding any associations 
or memories connected to each sound. The quantitative data collected in this study is 
analysed and discussed separately in Chapter Five. Participants were randomly assigned 
to one of five groups (Ns within each group ranged from 30 to 39) in order to rate a 
subsample of ten randomly ordered bird sounds. One hundred and sixteen participants 
provided qualitative data about associations or memories connected with one or more 
bird sounds, and these data form the basis of the present study. 
 
6.4.2. Materials, stimuli, and procedure 
The materials, stimuli, and procedure in this study were the same as utilised in Study 
2A, which is discussed in Chapter Five. To summarise, participants listened to 50 ten-
second clips of bird sounds drawn from common birds in the United Kingdom and 
Australasia. Participants provided informed consent, demographics and brief 
background details, and completed an audio calibration task. They then rated ten of the 
50 bird sounds in a random order, using measures of PRP and the dependent variables 
relevant to Study 2A as described in Chapter Five. Finally, they responded to the 
qualitative item: “Do you have any memories or associations with this sound? If so, 
please describe them here,” per bird sound. The bird species are listed in Table 6.1, 
along with their respective PRP scores. The questionnaire items used in Studies 2A and 
2B are provided in Appendix B. 
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6.4.3. Analysis 
As in Study 1, the qualitative data were analysed through thematic content analysis 
(Hsieh & Shannon, 2005; Braun & Clarke, 2006), enabling identification of key themes. 
Where appropriate, these were then considered in the context of attention restoration 
theory (ART; Kaplan & Kaplan, 1989; Kaplan, 1995) and stress recovery theory (SRT; 
Ulrich, 1983) frameworks, along with findings from Studies 1 and 2A. 
 
Responses from participants regarding associations and memories with each bird sound 
were collated and then read thoroughly and repeatedly in order to become familiar with 
the data. The responses were read individually and again in the context of the whole 
data set. They were then grouped by bird species. For each species, text in each 
individual response was analysed at a word level in order to generate codes regarding 
key concepts. This process occurred for each response within a species, supported by 
researcher reflections and commentary recorded during the reading and analysis 
process. When responses for all bird species had been analysed in this way, the codes 
that were generated were grouped into categories or master themes based on their 
similarity. These themes are illustrated in Figure 6.1. 
 
At this point, the data set was segmented into terciles according to whether the relevant 
bird species had previously been rated as high, moderate, or low in perceived restorative 
potential (PRP) in Study 2A (see Chapter Five). 16 bird sounds were rated as high on 
PRP, 18 moderate, and 16 low. For details of these birds, please see Table 6.1, below. 
Differences and similarities between themes of associations with these three terciles of 
bird sounds are discussed in the following section. 
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Table 6.1. Categorisation of 50 bird sounds into high, moderate, and low PRP birds, and mean PRP scores per bird species (rated from 0 to 6). 
 
High PRP birds Moderate PRP birds Low PRP birds 
 
Species Mean PRP score Species Mean PRP score  Species Mean PRP score 
Dunnock 5.26 Superb Fairy-wren 3.86 Eastern Whipbird 2.68 
Greenfinch 5.23 Starling 3.81 Laughing Kookaburra 2.64 
Blackbird 5.06 Eastern Spinebill 3.73 Long Tailed Tit 2.61 
Silvereye 5.03 Coal Tit 3.43 Chicken 2.43 
Brown Thornbill 4.67 Crimson Rosella 3.41 Rainbow Lorikeet 2.42 
Blue Tit 4.63 Feral Pigeon 3.34 Carrion Crow 2.32 
Goldfinch 4.48 Collared Dove 3.32 Cockatoo 2.29 
Robin 4.46 Magpie Lark 3.32 Parakeet 2.23 
Wren 4.39 Grey Butcherbird 3.27 Noisy Miner 2.13 
House Sparrow 4.36 White-browed Scrubwren 3.21 Magpie 2.07 
Yellow-faced Honeyeater 4.31 Eastern Yellow Robin 3.19 Masked lapwing 2.03 
White-throated Treecreeper 4.26 Grey Fantail 3.04 Herring Gull 1.77 
Chaffinch 4.14 Wood Pigeon 3.04 Jay 1.67 
Welcome Swallow 4.11 Australian Magpie 3.03 Australian Raven 1.65 
Great Tit 3.90 Pied Currawong 3.00 Red Wattlebird 1.50 
Tawny Owl 3.90 Willie Wagtail 2.84 Silver Gull 1.50 
  GS Woodpecker 2.83   
  Red Kite 2.74   
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6.5. Results and Discussion 
 
476 responses were collected from participants across the 50 bird sounds. Associations 
and memories with the 50 bird sounds were grouped into four main themes: the 
environment that the sound was associated with; the animal life in that environment; 
concepts of time and season; and activities in the environment. These themes are 
illustrated in Figure 6.1, below. Sub-themes within these main themes revealed 
differences in associations between birds that had previously been rated as high, 
moderate, or low on perceived restorative potential (PRP) in Study 2A, and these are 
discussed below. 
 
 
 
Figure 6.1. Master and sub-themes of qualitative associations with fifty bird sounds. 
 
6.5.1. Environment 
For many participants, listening to bird sounds generated memories and associations of 
particular environments. These tended to be natural, green spaces, and particularly 
gardens, but some bird sounds were associated with built environments such as houses. 
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Some birds were also associated with spaces that contained both natural and built 
elements, such as the zoo, a wildlife reserve, and farms. 
 
6.5.1.1. Natural environments 
All bird sounds were associated with a range of natural environments, from nature in 
general to specific locations. Associations with homes and gardens were often 
accompanied by positively valenced affective appraisals, and these associations were 
most common amongst birds previously rated as high on PRP score. Birds low in PRP 
tended to be associated with marine and jungle environments, although these 
environments themselves were not evaluated negatively. 
 
6.5.1.1.1.  Countryside, woodland, and parks 
One participant noted in response to the Blue Tit: “I associate this sound with nature.” 
The Greenfinch, rated as highest on PRP, generated “memories of English countryside 
(nothing specific)” for another participant. These kinds of birds were also associated 
with woodland and forest environments (“Similar to a call from the tit family so 
reminds me of walks in British woodlands”, Great Tit) as well as parks (“reminds me 
[of] walking in Milton Keynes Parklands...”, Goldfinch). Several birds that were rated 
as low on PRP, such as the Magpie and Long Tailed Tit, were also associated with 
similar environments such as “being in the park or in the garden.” Bird sounds rated as 
high in PRP were associated with greenery and water in the landscape. This took the 
form of “trees” (Blue Tit), “garden lawns” (Blackbird) and “hedgerows and fields” 
(Silvereye), as well as bodies of water: “Sitting in a woodland by a lake” (White-
throated Treecreeper). 
 
Birds that scored moderately or low on PRP generated fewer associations with greenery 
and more with water-based landscapes, such as “pond lake in my country” (Magpie) 
and “Memories of being near water in the English countryside” (Carrion Crow). These 
kinds of bird sounds were also associated with rocky formations such as  “... 
mountains” (Red Kite), “a cliff” (Parakeet), and with “vast space” (White-browed 
Scrubwren). As one participant put it, “It reminds [me] of when my family visited the 
Grand Canyon when I was younger.” (Herring Gull). Birds high on PRP were linked to 
verdant landscapes whereas birds low on PRP were associated with grand, but perhaps 
more inhospitable, topography. For example, the Cockatoo, a low-PRP bird, generated 
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associations of landscapes very different to those found in the UK: “old, ancient, makes 
me think of rocks, deserts”. 
 
6.5.1.1.2. Gardens 
For many participants, birds rated high on PRP reminded them of being in a garden. In 
several cases this was their own garden or that of a family member such as a parent or 
grandparent. For one participant, the association with place when hearing the sound of 
the Chaffinch was even more specific and related to a particular place in their garden: 
“takes me straight to a specific spot at the bottom of my garden”. For another, the sound 
of the Dunnock was associated with both green environments and home, and affective 
appraisals of low arousal: “being in a wood/forest, or being at home. Completely 
peaceful.” 
 
Associations with family, relatives, or the homes of family members were common. 
One participant said, “Reminds me of home, again my parents’ garden because you can 
hear the birds singing and it sounds similar to the sound I’m listening to.” (Dunnock). 
For another participant, the sound of the Feral Pigeon generated associations with her 
grandmother’s garden that were highly positively valenced: “Love this sound - reminds 
me of being with my Grandmother in South Africa, and when I was with her all was 
well with the world.” This is notable given that other participants expressed negative 
evaluations of the same sound (see section 6.5.1.2.1). 
 
6.5.1.1.3.  Tropical environments 
A few birds rated as high on PRP were associated with tropical environments such as 
the rainforest or jungle (e.g. the White Throated Treecreeper reminded one participant 
of “jungle afternoons”), but these associations were largely reserved for birds that 
scored moderately to low on PRP. For example, one participant said of the Australian 
Magpie: “No, I don't know what this noise is, it makes me think of the jungle a bit,” 
suggesting that its novelty and the participant’s lack of certainty about the sound may be 
associated with its exotic imagined environment. While birds associated with jungle 
environments generally scored low on quantitative measures of PRP, some participants 
indicated positive affective appraisals due to associations with escape. One noted that 
Laughing Kookaburra generated associations “only about dreams of travelling and 
going to the jungle and this makes me happy.” Several birds generated associations with 
zoos, and these were birds that scored both high, moderate, and low on PRP and were 
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usually not native to the United Kingdom. For example, the Yellow-Faced Honeyeater 
prompted one participant to say: “I feel like I'd have to be somewhere unfamiliar to hear 
it. Maybe a zoo or a jungle.” 
 
6.5.1.1.4.  Marine environments 
Bird sounds rated as moderate to low in PRP often generated associations with the sea. 
For example, the Red Kite made one participant think of “the coast”, while the Rainbow 
Lorikeet was associated with “walking by the beach” for another participant. The 
sounds of the Herring Gull were often associated with marine environments: “This 
sound reminds me of the seaside.” The Parakeet was commonly mistaken for a gull, and 
this lead to several participants imagining “coast... marine” environments. Existing 
research has demonstrated that visiting such environments can have psychological 
benefits such as increased happiness (Wyles, Pahl, & Thompson, 2014) so it may be 
that low PRP of birds associated with these places is related to their acoustic properties, 
such as loudness and roughness (see Study 2A) rather than the associations with marine 
environments themselves. Negative evaluations of these bird sounds are discussed 
further in section 6.5.1.2.2. 
 
6.5.1.2. Built environments 
 
6.5.1.2.1. Houses and the indoors 
Birds that were rated as high in PRP were sometimes associated with houses (either the 
participant’s own or a family member’s) and elements of those buildings. For example, 
one participant said in response to the Dunnock: “My Grandma's house!” and another 
said of the Blackbird: “blackbird sitting on the edge of the rooftop”. 
 
For some participants, birds high in PRP were associated with being indoors but 
experiencing the sounds of the outdoors remotely. One participant evaluated this as a 
positive experience: “This is the sound of birds singing that I hear almost every morning 
from my window. It's very nice to wake up hearing these sounds of nature.” (House 
Sparrow), although another person expressed a negative evaluation of the Collared 
Dove, audible from inside: “Woodpigeon that sits on our roof and coos all day. I can 
usually zone out, but once I pay attention to it it really irritates me!” And for other 
participants still, these sounds were negatively evaluated because of the undesirable 
behaviour of the birds: “Pigeons roosting in the gutters and crapping all down the 
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house.” (Wood Pigeon). Additionally, one participant expressed curiosity regarding the 
incongruity between hearing bird sounds whilst in an indoor environment: “how'd that 
pigeon get inside” (Feral Pigeon). 
 
The Willie Wagtail’s sound was rated as moderate to low on PRP and generated 
associations with caged or domesticated birds, as well as indoor environments, which 
contrasts with the open green spaces imagined in response to birds higher in PRP: “Bird 
cages, canaries, stuffy houses.” The sound of the Tawny Owl was rated as relatively 
high in PRP but generated some associations with built environments in the form of 
“dark houses”, particularly because of stereotypical associations with horror films; see 
section 6.5.2.4 for a discussion on bird sounds and the media. 
 
6.5.1.2.2. Urban environments 
One participant associated the sound of the Parakeet with being heard “in my 
hometown”, which is not surprising considering that this bird, although not native to the 
United Kingdom, has established colonies in urban centres such as south-west London. 
For another participant, the sound of the Silver Gull “... makes me think of walking 
around on campus seeing the birds.” Both of these birds were associated with urban or 
built environments, and it is notable that they both scored low on PRP. One participant 
associated the sound of the Goldfinch with “being outside of London”, which may 
relate to concepts of escape or being away, found in attention restoration theory (Kaplan 
& Kaplan, 1989; Kaplan, 1995). 
 
6.5.1.2.3. Artificial versus natural acoustics and aesthetics	  
Several bird sounds that were low on PRP were associated with artificial stimuli, and 
this was also true for some, but not many, high PRP birds. The acoustic properties of 
these sounds seemed to be a factor in their evaluation of being unnatural, with 
squeakiness not equated to typical or natural bird sounds. For example, the Starling 
reminded one participant of “... squeaky toys and technology”. These associations were 
much more common for birds rated moderate or low on PRP, such as the Crimson 
Rosella: “maybe medical equipment, or a squeaky hinge”. In contrast, one participant 
evaluated the Yellow-Faced Honeyeater positively because of its lower pitch, and 
related this to positive valence and low arousal: “Love the notes/melody - lower, more 
calming qualities?” This may be explained by the fact that the Yellow-Faced 
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Honeyeater’s sound is very smooth and harmonic, which is positively related to PRP 
(see Study 2A).	  
	  
Some participants used references to science fiction to illustrate their perceptions of the 
sounds as unnatural. For example, one participant associated the Australian Magpie 
with “Doctor Who monsters / robots”, and another said that the Red Wattlebird “sounds 
like a light sabre from 'Star Wars'”. These birds were from Australia, and their sounds 
are in some ways dissimilar to those from the United Kingdom. These sounds may not 
have fitted with expectations of what a bird should sound like, and might explain why 
participants considered them unnatural or not bird-like. It is also possible that the 
recording and streaming process distorted their acoustic properties and resulted in 
perceptions of unnaturalness, although care was taken to ensure that the sound clips 
accurately represented a typical call or song for each species via consultation with bird 
experts. 
 
6.5.2. Animal life 
Participants tended to imagine birds as the primary form of animal life in environments 
that they described, but bird sounds rated as low in PRP also prompted description of a 
wide range of other animals. In general, high and low PRP birds were appraised in 
terms of positive and negative valence respectively, although the Tawny Owl was one 
high PRP exception. 
 
6.5.2.1. Memories of animals 
High PRP bird sounds generated specific descriptions and memories of particular birds. 
These memories were often positively valenced due to the pleasant behaviour of the 
birds themselves or something or someone associated with them. For example, one 
participant described how “A pair of blackbirds in my garden have successfully raised 
three young this year. That makes me happy - and the sound makes me think of that!” 
The positive valence here may be related to the proximity of the birds and a perceived 
relationship with them. Another participant described how the sound of a chicken was 
associated with positively valenced ownership of birds: “My parents kept poultry. Lots 
of happy memories.” 
 
Sometimes specific descriptions were presented even if the bird imagined by a 
participant was not the same as the recorded sound. The participant who had expressed 
  135 
positive associations between the sound of the Feral Pigeon and her grandmother went 
on to say, “There were always doves in her garden, and so this sound is associated with 
being with her. Love it!” In another example, a participant imagined a “little red robin 
sat on a garden shovel patiently waiting for the worms you dig up” in response to the 
sound of the Dunnock. 
 
Childhood associations with bird sounds were described by many participants, and these 
occurred primarily in birds high in PRP, but also to a certain extent amongst moderate 
and low PRP birds. Often participants did not describe these associations in detail, but 
when details were provided it was often in the context of childhood holidays or homes, 
or of growing up in a different country. “When I used to live in Tehran and I was 
young. Childhood memories” (Carrion Crow). 
 
6.5.2.2. Beyond birds: Other animals and their behaviour 
Birds low in PRP were often associated with negatively valenced instrumental or 
ecological meanings, either for the bird itself (“hurt crowe [sic]”, Australian Raven) or 
for other animals that the bird might be interacting with: “This sound makes me look 
out of the window to see what all the fuss is about. Is the magpie being defensive or 
agressive [sic] to another bird or a cat?” 
 
Birds that were moderate or low in PRP were often associated with non-avian animals 
and animal behaviours. For example, when listening to the sound of the Feral Pigeon, 
one participant expressed a lack of certainty about the origin of the sound: “Either 
pigeons or another unknown animal” and another said “reminds me of my cats purr”. 
The Long-Tailed Tit generated an “association with an insect” for one participant, and 
the Jay reminded another of “maybe monkeys in the zoo”. Low PRP birds, such as the 
Australian Raven, reminded several participants of negatively valenced non-avian 
behaviours such as predation or aggression, with one participant likening the sound to a 
“cat being strangled”. 
 
6.5.2.3. Superstitions associated with birds 
Some birds were associated with symbolic meanings or superstitions. Participants 
indicated that these were culture-specific, with many comments pertaining to cultures 
beyond the United Kingdom. These also tended to be negatively valenced associations. 
For example, the Carrion Crow, rated as low on PRP, was associated with negative 
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symbolism in one participant’s home country: “It is the sound of crows and I don't 
associate black crows with anything good. There are a lot of superstitions in Romania 
related to crows.” On another occasion, a participant identified the sound of the Wood 
Pigeon as that of an owl, and associated it with the negative symbolism usually attached 
to that bird: “Where I come from it is said that an owl sings of death, so it was bad luck 
to hear it in your garden.” It is notable that the sample in this study generated negative 
symbolic or superstitious associations, whereas in folklore and literature birds and bird 
sounds have been associated with both positive and negative symbols (cf. Mynott, 
2009). It is possible that the urbanised, Western nature of the sample may have been 
less familiar with these kinds of positive symbols. 
 
6.5.2.4. Media associations 
Some birds also generated associations with different forms of media. These tended to 
be birds low in PRP, although not exclusively. The Tawny Owl generated associations 
with the television series Twin Peaks: “The owls are not what they seem”, as well as 
“Horror films - dark houses” for another participant. For one participant, the Carrion 
Crow’s sound reminded them of “Sound of the birds on the playground equipment in 
movie “The Birds” by Alfred Hitchcock”. In this film crows are negatively valenced 
stimuli, and it may be that negative perceptions of these birds and their sounds are 
enhanced by fear-inducing or arousing presentations of such birds in the media. 
Similarly, the sound of the Silver Gull reminded another participant of “the bad guys in 
The Dark Crystal”. The Laughing Kookaburra was associated with “Australian films”, 
suggesting that although such birds are not native to the United Kingdom, participants 
were still exposed to them via the media. 
 
6.5.3.  Time and season 
Bird sounds rated as high in PRP tended to generate associations with spring and 
summer, especially summer days and evenings, and spring mornings. These 
associations were accompanied by affective appraisals of positive valence and low 
arousal. For example, the Greenfinch reminded one participant of “a warm cup of coffee 
when you wake up in the morning and it's really early”; the Blackbird was associated 
with “peaceful calm days”; and the Wren was associated with “a pleasant spring 
morning”. Sunshine and warmth were described by several participants in this imagined 
scene, as well as rain by one participant: “Blackbirds feeding after rainfall”. Spring, 
summer, and mornings, as well as sunshine and rain, traditionally signify life and new 
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beginnings, perhaps again drawing connections between certain bird sounds as 
signifiers of vitality and biophilia. The Blackbird was also sometimes associated with 
evenings, and it is possible that restorative perceptions of this bird at this time may stem 
from its connection to the day’s end and the beginning of rest. 
 
Birds that were rated as moderate or low on PRP tended to generate associations with 
autumn, winter, and night-time, along with some associations with daytime or warmer 
months. Sometimes this arose as a result of perceiving one bird sound as made by a 
different type of bird (for example, the Wood Pigeon was mistaken for “owls at night” 
by one participant). The Carrion Crow also generated associations of “winter coming” 
and of “Halloween, Dusk, Darkness” for participants. It is possible that these 
associations arose as a consequence of seeing and hearing these birds in winter 
environments, or they may be part of a wider symbolic association with negatively 
valenced concepts such as death and darkness as described in section 6.5.2.3. 
 
The Tawny Owl was a notable exception to the relationship between darkness, 
negatively valenced media, and low PRP. It scored relatively high on PRP but also 
generated associations with night. As one participant put it: “I heard two male owls 
talking to each other last night whilst I was in California, so it reminded me of that walk 
home.” The fact that the Tawny Owl generated several negatively valenced 
associations, yet scored relatively highly on PRP, suggests that negative valence need 
not always be a barrier to liking or restorative potential. Indeed, as one participant in 
Study 1 (p. 69) said regarding the sound of an owl that he found fascinating: “I like it, 
you know. It makes you think of these horror movies you get and so on, but in a way 
it’s a nice thing.” In Study 1 and in the present study, associations with negatively 
valenced behaviour, rather than abstract or symbolic negative valence, seem more 
closely related to low PRP. 
 
6.5.4. Activities 
Bird sounds were linked to a range of different activities in the environments with 
which they were associated. These included active types of behaviour, such as walking 
or exercise, as well as more passive kinds such as resting and sitting, and being alone 
versus in company. 
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6.5.4.1. Active 
Across birds that were high, moderate, and low in PRP, participants associated the 
environments in which they could be heard with a number of active behaviours. The 
most common of these was walking. One participant associated the Blackbird’s sound 
with “Walking across hay fields in the summer evenings” and another participant 
associated the Masked Lapwing with “Hiking, camping, family adventures”. Other 
types of activities included bird watching and identification, biking, gardening, running, 
and travelling or going on holiday. For example, one participant associated the sound of 
the Herring Gull with “holidays in childhood”. Again, this may relate to a sense of 
escape or being away commonly described in response to natural environments, and 
theorised to be a component of restorative experience (Kaplan & Kaplan, 1989; Kaplan, 
1995).  
 
6.5.4.2. Passive 
Camping was also described in less arousing terms by one participant in response to the 
sound of the Collared Dove: “Camping out in the woods with the fire beginning to 
dwindle as we drift off into a slumber.” Indeed, both high and moderate PRP birds 
generated associations with positively valenced, unarousing or passive activities such as 
“Sitting in the garden at home” (Greenfinch) or “Lying in a field” (Superb Fairy-wren), 
as well as “Waking in the morning” (Eastern Spinebill), although notably waking up 
was sometimes associated with work rather than relaxation: “It reminds me of having to 
wake early for work” (Brown Thornbill). 
 
Birds low in PRP also generated passive types of actions but these tended to be more 
negatively valenced and likely to induce fear-arousal, and were framed in terms of the 
participant being the object rather than the subject of the scenario. For example, the bird 
rated lowest on PRP, the Red Wattlebird, reminded one participant of “being lost in the 
woods” and another of being “surprised in the forest”, while the Laughing Kookaburra 
reminded another participant of “... stuff sneaking up behind you. scary as shit”. 
 
6.5.4.3. Being alone or in company 
Some participants expressed a connection between listening to bird sounds and the 
presence or absence of other people in their imagined environment. When the company 
of other people was mentioned this tended to be in the context of hearing high PRP 
birds, often when one was with family members such as parents or grandparents. For 
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example, one participant associated the Dunnock with “walking with my parents” and 
another associated the Silvereye with “summer garden with my grandma”. Some 
participants also associated bird sounds with animal company, such as walking their 
dog. 
 
Other participants associated high PRP birds with being alone in nature; for example, 
one participant was reminded of a “summer garden alone” by the Robin’s sound, and 
for another participant the Tawny Owl “reminds [me] of a dark forest and being alone”. 
This corresponds with findings that restoration in nature can be enhanced when 
participants imagine being alone, instead of in company (Staats & Hartig, 2004). Birds 
that were low in PRP were not generally described in terms of being alone or in 
company, although associations with being lost or surprised in nature were discussed, 
which may be related to the concept of being alone or lonely (see section 6.5.4.2). 
 
6.6. Conclusions 
 
6.6.1. Associations with bird sounds and relationships with PRP 
Thematic content analysis of associations with bird sounds revealed four master themes: 
environment, animal life, time and season, and activities in the environment. Birds 
previously rated as high or low in PRP were dissociable within these themes, 
particularly through differences in affective appraisals arising from these associations. 
 
High-PRP birds tended to generate associations with green, verdant environments and 
with concepts of home and one’s garden, while low-PRP birds often were associated 
with tropical, rocky, and coastal environments as well as built spaces. High- and low-
PRP birds were also generally dissociated on the basis of their connections to different 
seasons, such as spring and summer versus autumn and winter, and times of day (day- 
versus night-time). Together, these findings suggest that perceptions of bird sounds as 
high or low on restorative potential could be linked to the affordances of the 
environment and environmental qualities that they are associated with. Bird sounds high 
in PRP may be considered to be so because they are thought to be found in 
environments where there are plentiful resources, connecting with psycho-evolutionary 
explanations of stress recovery (Ulrich, 1983), but also in environments that are familiar 
to people, such as gardens and family homes, and therefore are unlikely to be highly 
exotic or activating. It is notable that listening to a short sound clip of a bird produced 
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associations with and memories of much bigger environments for many participants, 
which may be linked to the attention restoration theory (ART; Kaplan, 1995, p. 174) 
concept of extent, or of “being connected ... to a larger world”. Similar findings were 
observed by Shaw et al. (2015) when visually impaired participants imagined 
environments in response to a range of natural sounds, but this study presents the novel 
finding that listening to individual bird sounds is sufficient to generate associations with 
wider restorative environments comprising flora, fauna, topography, and climate. 
 
High-PRP birds also generated specific and positively valenced memories of birds and 
environments that participants were familiar with, whilst low-PRP birds tended to be 
associated with generic associations, such as (often aggressive) animal behaviour, 
symbolism, and representations in the media, as well as certain acoustic properties such 
as pitch. This confirms findings in Study 1 that birds considered to be restorative or 
non-restorative can be dissociated on the basis of the valence of their associations, and 
that these associations are often rooted in the meaning of the sound: its ecological, 
personal, and cultural value. As noted earlier in this chapter, bird sounds have variously 
been described as symbols of positively or negatively valenced concepts, particularly 
revolving around animal behaviour, time and season, and good versus bad omens (e.g. 
Mynott, 2009; Tidemann & Whiteside, 2010). Findings from this study emphasise the 
importance of semantic values of bird sounds in understanding perceptions of 
restorative potential. 
 
Both high- and low-PRP birds discussed in this study were associated with a range of 
activities in nature, both alone and in company, but low-PRP birds tended to be 
associated with more negatively valenced activities such as getting lost in nature, 
echoing findings on perceived natural threats (e.g. Bixler & Floyd, 1997; Herzog & 
Rector, 2009). This difference in affective appraisals was common across master 
themes, with the environments, animals, times and seasons, and activities associated 
with high-PRP birds being described in terms of positive valence and low arousal while 
those associated with low-PRP birds were negatively valenced and often arousing, 
supporting findings from Study 1 regarding the importance of affective appraisals in 
perceptions of bird sounds as (non-)restorative. In general, environmental restoration 
literature frames experience of nature in terms of walking or sitting (in the context of 
field studies), or viewing media of nature. While walking was mentioned frequently as 
an activity in nature within this study, a range of other activities, both active and 
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passive, were described. The association with low-PRP birds and negatively valenced, 
passive activities such as being surprised or lost may point to a need for individuals to 
feel in control of their experience of nature in order for restorative potential to be 
available.   
 
6.6.2. Limitations and extensions of the study 
The present study was conducted online, and as such it was not possible to precisely 
control the presentation conditions of the sound clips due to differences in hardware 
between participants. This may have impacted upon perceptions of the sounds, as 
illustrated by one participant who expressed dissatisfaction at the discrepancy between 
hearing one particular bird sound in the wild and hearing it on a computer: “... hearing it 
from my laptop is a painful squawky mess of noise.” However, steps were taken to 
achieve consistency in audio presentation by requesting that participants use 
headphones or earphones to listen; by asking them to complete an audio calibration task 
at the start of the study; by excluding participants who rated the sounds as 
uncomfortably loud at the end of the study; and by subjecting stimuli to accuracy 
checks by bird experts. 
 
It is notable that the gender ratio in this study was skewed towards female participants. 
However, since analysis of PRP scores from the same data set in Study 2A showed no 
significant differences between men and women, it is thought that the generalisability of 
findings was not significantly compromised. Future studies exploring qualitative 
associations may wish to recruit a stratified or gender-matched sample, such as in Study 
1. 
 
Participants in this study were self-reported residents of the United Kingdom, although 
some reported having visited or lived in Australia and in other countries. Although this 
led to the collection of informative qualitative data regarding associations with aspects 
of other countries and cultures, this study does not argue that the themes emerging from 
this qualitative analysis will automatically be applicable to samples from locations 
beyond the United Kingdom. Given that this study employed bird sounds from 
Australia, it would be interesting to explore similarities and differences in themes 
emerging from associations made by Australian residents in response to these and 
British bird sounds. 
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This study employed one representative type of bird sound per bird species. Clearly, 
birds make a variety of sounds in different contexts, and responses to these sounds may 
not generalise to other sounds made by the same species in other settings. However, this 
study provides insight into human responses to typical bird sounds in the United 
Kingdom and Australia, and emphasises the importance of meanings, memories, and 
associations in these responses which has, to date, been understudied in examination of 
restorative environments. 
 
6.7. Summary and Next Steps 
 
The findings of this study support the argument that environments which encourage 
restoration are those that are associated with resources and the absence of threat, since 
threat can increase arousal and cognitive demands (Ulrich, 1983; Kaplan & Kaplan, 
1989; Kaplan, 1995); and, furthermore, these findings extend this idea with the novel 
finding that bird sounds alone can generate perceptions of threat which relate to ratings 
of restoration. However, many associations with bird sounds were also personally 
salient to the listener, highlighting the importance of personal, as well as generic, 
semantic properties in perceptions of bird sounds as restorative. 
 
Most notably, the findings also indicate that listening to individual sounds from nature 
can stimulate imagery of very different types of environments, corroborating findings 
from Shaw et al. (2015) that environmental perceptions may be facilitated through 
auditory experience alone, and extending them by showing that individual bird sounds 
can generate such perceptions. These sounds were further associated with animal 
behaviours and symbolism within and beyond these environments, and with imagined 
activities on the part of the listener. These associations tended to be positively and 
negatively affectively appraised for birds high and low in perceived restorative potential 
(PRP), respectively. As such, this study suggests that the PRP of specific bird sounds 
may be related not only to the intrinsic properties of the sounds themselves and 
appraisals of their aesthetic properties, but also to the range of associations and affective 
appraisals that they generate, creating a holistic picture of participants’ interpretations 
of the sounds based on both perceptual and semantic properties. 
 
While Study 2A demonstrated relationships between the perceptual properties of bird 
sounds and quantitative ratings of their perceived restorative potential (PRP), cognitive 
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appraisals, and affective appraisals, this study indicated that qualitatively recorded 
semantic properties can also distinguish between high- and low-PRP bird sounds. 
However, it was beyond the scope of a qualitative study to examine whether ratings of 
restorative perceptions can be causally influenced by differences in meaning associated 
with bird sounds. This question was explored in Study 3, which is described in the 
following chapter. 
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Chapter Seven 
 
Study 3 
Meaning and familiarity: Their effects on restorative perceptions of bird sounds 
 
7.1. Abstract 
 
The findings of Studies 1 and 2B indicated that restorative perceptions of bird sounds 
may relate not only by their acoustic and aesthetic properties, but also to the 
associations that individuals make between the sound and its meaning. However, neither 
Study 1 nor 2B examined a causal relationship between associated meaning and 
restorative perceptions of bird sounds, and it is this hypothesis that Study 3 set out to 
test. In an online study, 102 adult residents of the United Kingdom indicated restorative 
perceptions of eight bird sounds. Each sound was paired with a positive or negative 
meaning scenario. 
 
Bird sounds paired with positive meanings were rated as significantly higher in 
perceived restorative potential (PRP), more positively valenced, and less activating than 
those paired with a negative meaning. Manipulating meaning was influential for PRP 
score only if it related to whether the environment was urban or natural. For valence, 
meaning was influential if it related to urban or natural environment or the presence of 
absence of threat. For activation, meaning was influential regardless of whether it 
related to environment, threat, the bird’s behaviour, or the utility of the bird for humans. 
The effects of meaning were equally applicable regardless of whether the bird was 
highly familiar to a sample of UK residents or not. These findings highlight the effects 
of some, but not all, associations between bird sounds and environmental characteristics 
in the development of perceptions of restorative potential. Future research should 
continue study of the role of meaning in restoration in nature through consideration of 
personal associations, too; for example, memories and symbolism. 
 
7.2. Introduction 
 
Existing research in the field of restorative environments suggests that both perceptual 
and semantic properties of natural stimuli may contribute to their restorative value, or 
ability to help individuals recover from cognitive fatigue and stress (Kaplan & Kaplan, 
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1989; Ulrich, 1983), but much empirical study has focused on the contributions of 
perceptual properties such as scene content, with relatively little attention paid to the 
role of semantics or meaning. Recent literature has suggested that restorative 
experiences of environments – including both auditory and visual components – may be 
linked to memory and meaning (Korpela & Hartig, 1996; Pretty, 2004; Beil & Hanes, 
2013), and indeed Ulrich (1983) notes that associations formed through memory and 
past experience may contribute to restorative experiences, but the effects of such 
associative properties on perceptions of restoration or restorative potential remains 
understudied. 
 
While bird song in the context of other natural sounds can generate restorative outcomes 
(Alvarsson et al., 2010; Annerstedt et al., 2013; Benfield et al., 2014; Medvedev et al., 
2015), not all bird sounds are perceived as pleasant, calming, or restorative, as 
demonstrated by findings from Björk (1985) and in Studies 1, 2A, and 2B of this thesis; 
these perceptions of bird sounds can vary between species. Studies 1 and 2B indicated 
that such differences in affective appraisals and ratings of PRP may be related, in part, 
to the meanings that listeners associate with particular bird sounds. However, little is 
known about the effects that such meanings have on judgments of bird sounds as 
pleasant, activating, and/or potentially restorative.  
 
7.2.1. Bird sounds and meaning 
Stress recovery theory (Ulrich, 1983) suppose that individuals respond positively to 
non-threatening nature due to generic associations with safety and reduced arousal, but 
there is as yet little understanding about the specific types of associations that might 
contribute to restorative perceptions. Findings from Study 1 and Study 2B demonstrated 
that the perceived meaning associated with a bird sound can relate to how restorative it 
is perceived to be, and affective appraisals of its valence and arousing qualities. In 
Study 1, bird sounds that were associated with positive memories were judged to be 
pleasant and helpful for restoration, whereas bird sounds that were associated with 
negative bird behaviours, such as aggression, dominance, or power, were perceived as 
arousing or stressful and not restorative. Additionally, bird sounds that were associated 
with non-specific negative meanings and stereotypes (e.g. horror films) were also 
sometimes negatively associated with restoration. 
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In Study 2B, further qualitative exploration of associations revealed that individuals 
associate bird sounds with mental imagery and appraisals of environments and 
environmental qualities. In particular, bird sounds high and low in PRP were dissociable 
on the basis of their associations with environmental safety, positive versus negative 
bird behaviour, and the presence versus absence of resources. Birds high in PRP were 
associated with familiar, safe environments; non-threatening and helpful bird 
behaviours; and green, resource-rich natural environments. In contrast, birds low in PRP 
were associated with feelings of uncertainty and dangerous environments or omens; bird 
behaviours that were aggressive or threatening; and environments, times, and seasons 
lacking in life and resources, as well as built environments. This study sought to 
examine the effects of manipulating such generic meanings associated with bird sounds 
on affective appraisals of the sounds and perceptions of the sounds’ restorative potential 
(PRP). Evidence for such potential effects is reviewed below. 
 
7.2.2. Threatening environments 
Environments that contain threatening stimuli or signal the presence of threat are not 
helpful for restoration (e.g. Herzog & Rector, 2009; Andrews & Gatersleben, 2010; 
Gatersleben & Andrews, 2013). Bird sounds can convey information about the presence 
of threat in an environment. This may be instrumental information about a specific 
threat, or more abstract or metaphorical information about potential threats, such as 
omens. For example, Sault (2010) notes that the Rufous-naped wren makes loud, noisy 
sounds that warn of the presence of snakes in Costa Rica, while the call of an owl can 
be a bad omen or a symbol of bad luck across cultures (Mynott, 2009; Sault, 2010; 
Muiruri & Maundu, 2010). Björk (1985) observed that natural sounds rated as 
dangerous loaded significantly and negatively on a pleasantness or valence factor. 
Given that certain bird sounds can be seen as signifiers either of literal or metaphorical 
environmental threats, and threats are known to be detrimental to restoration in nature, it 
may be that bird sounds which convey associations with threat are perceived to be less 
restorative, less pleasant, and more arousing than bird sounds which convey 
associations with safe or neutral environments lacking in threat.  
 
7.2.3. Threatening bird behaviour 
In Studies 1 and 2A, participants indicated that birds perceived to be unhelpful for 
restoration, or low in perceived restorative potential (PRP), were often associated with 
aggressive behaviour on the part of the bird making the sound. For example, 
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participants in Study 1 related negative perceptions of crow and magpie sounds to their 
aggressive behaviour towards other birds, and in Study 2B participants appraised some 
low-PRP bird sounds as variously sounding aggressive, defensive, or injured. However, 
beyond this there is relatively little evidence in the available literature about how 
individuals affectively appraise birds and their sounds on the basis of threat associated 
with behaviour by the bird itself. Curtin (2009, p. 457) described how one participant on 
a wildlife tourism trip acknowledged that certain birds “kill things and all that” but 
dissociated this fact from her positive appraisals of the birds as beautiful and admirable. 
Despite this dissociation between the meaning of the birds’ behaviour for other birds 
and its meaning for humans, responses from Study 1 indicate that some aggressive 
behaviours symbolised by certain bird sounds – such as aggressive behaviour – can 
influence appraisals of their restorative potential. 
  
7.2.4. Utility of birds  
Bird sounds may be positively appraised due to the helpfulness or utility of the birds 
themselves. In Studies 1 and 2B, several participants described birds in their gardens as 
“friends” or “helpers”. The utility of wild animals can affect how the animals are 
perceived and affectively appraised; for example, Pereira et al. (2005) noted that the 
presence – although not necessarily just the sounds – of wolves and wild boar was 
perceived as unpleasant and undesirable by participants due to their associations with 
crop and livestock damage. In the context of birds, Sault (2010) notes that vultures eat 
carcasses that might spread disease or attract predatory animals, and the Rufous-naped 
Wren rids land of pests and insects that might damage crops, a positive utility-based 
meaning also discussed by Mynott (2009). Some birds may also prove useful by 
indicating the presence of food. Sault (2010) notes that certain birds in Costa Rica call 
when relevant prey animals are plentiful and in season, such as fish and sea snails. From 
these calls, hunters know that these animals – suitable for eating or medicinal purposes 
– are in good supply and ready for hunting. 
 
Although these associations are tied to the birds, rather than their sounds in particular, it 
is possible that they may influence affective and, perhaps, restorative appraisals of the 
sounds due to the helpfulness of such actions in securing resources necessary for human 
survival. However, many associations between animals, including birds, and the 
presence or absence of resources are drawn from populations who live in closer 
proximity to nature than the largely urbanised sample utilised in this study. While some 
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participants in Study 1 and Study 2B described such associations, it is unclear whether 
these will be applicable to a larger sample, particularly one composed of residents of a 
largely urbanised society. 
 
7.2.5. Associations with environment 
Stress recovery theory (SRT; Ulrich, 1983; Ulrich et al., 1991) and, to a certain extent, 
attention restoration theory (ART; Kaplan & Kaplan, 1989; Kaplan, 1995) are both sited 
in a psycho-evolutionary context emphasising positive affective and cognitive 
appraisals of environments that afford resources for survival. While this theoretical 
perspective has been criticised (e.g. Joye & van den Berg, 2011), Studies 1 and 2B show 
that individuals associate certain bird sounds with green, resource-rich natural 
environments, and these sounds also tend to be rated high in PRP than bird sounds 
associated with urban or built environments – echoing distinctions in restorative 
potential and outcomes from between natural and built environments in themselves (e.g. 
Ulrich et al., 1991; Hartig, Evans, Jamner, Davis, & Gärling, 2003). 
 
Ethno-ornithological literature (e.g. Mynott, 2009; Barua & Jepson, 2010; Muiruri & 
Maundu, 2010; Sault, 2010) reveals a distinction between bird sounds associated with 
spring, summer, and water, which tend to be regarded positively, and bird sounds 
associated with built environments (e.g. owls calling near houses) which are interpreted 
as unpleasant, bad omens (Sault, 2010). Similarly, participants in Studies 1 and 2B 
described associations between owls and pigeons and negative built environments such 
as haunted houses or dirty buildings.  Different bird sounds, then, can be associated 
with stereotypically pleasing natural environments, as well as less desirable built 
environments. These differences in association may be related to how pleasant or 
unpleasant the sounds are perceived to be, and also perceptions of arousal and 
restorative potential. 
 
7.2.6. Familiarity with the bird sound 
Findings discussed above regarding associations between bird sounds and meanings 
depend on the presence of knowledge. Individuals have come to associate these bird 
sounds with particular meanings over time and through cultural, familial, or personal 
learning (N’gweno, 2010). As such, individuals may have already formed meaning-
based associations with familiar birds, by virtue of having encountered them more 
frequently, whereas they may have fewer meaning-based associations with less familiar 
  149 
birds. Following this line of argument, this study explored whether manipulating 
meanings associated with less familiar bird sounds would have a greater impact on 
cognitive, affective, and PRP appraisals than for more familiar bird sounds. 
 
7.3. Aims and Hypotheses 
 
The literature reviewed above suggests that bird sounds can be associated with positive 
and negative meanings about the bird, and that this distinction is reflected in how the 
sounds are affectively appraised as pleasant or unpleasant. Such meanings centre on 
associations with threat; the birds’ aggressive behaviour; the birds’ helpfulness or 
utility; and what kind of environment the bird is associated with. However, little is 
known about how such distinctions between positive and negative meanings can 
influence affective appraisals of arousal, or perceptions of the sounds as restorative. 
Furthermore, it is not clear whether such influence might vary with the type of meaning, 
drawn from the categories listed above, and with familiarity with the bird sound. 
 
The present study addressed these research questions through two designs. As in Study 
2B, restorative perceptions were measured through a set of three measures; that is, 
perceived restorative potential (PRP) in response to a short vignette, and affective 
appraisals of valence and activation. In the context of Design 1, it was hypothesised 
that: 
 
• A) bird sounds associated with pleasant meanings will be rated as higher in 
perceived restorative potential (PRP) than those associated with negative 
meanings; 
• B) these bird sounds will be rated as higher in positive valence; 
• C) these bird sounds will be rated as lower in activation; and 
• D) these effects of meaning on the dependent variables will be greater for bird 
sounds that are less familiar. 
 
Through Design 2 the study also sought to explore whether the effects of manipulating 
meaning interacted with the type of meaning applied; that is, whether the effects of 
positive and negative meaning scenarios on ratings of PRP, valence, and activation 
varied depending on whether the meaning pertained to threat, bird behaviour, bird 
utility, or the environment associated with the bird. Given the lack of existing study on 
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types of meaning and associations with acoustic stimuli in restoration literature, 
directional effects of meaning and meaning type on the dependent variables were not 
hypothesised. Rather, exploratory analyses were conducted in relation to interaction 
effects between meaning and meaning type on ratings of PRP (Design 2, Analysis A), 
valence (Design 2, Analysis B), and activation (Design 2, Analysis C). 
 
7.4. Method 
 
7.4.1. Participants and design 
A volunteer sample of 102 adults, aged between 18 and 62 (M = 37.92 years, SD = 
11.95), was recruited through social media, web-based advertising, and electronic 
mailing lists. 25 were male and 77 were female. Recruitment was conducted in 
collaboration with the British Science Association and University of Salford as part of 
National Science and Engineering Week 2013. Participants self-reported as being 
resident in the United Kingdom and as having normal hearing. Participant did not 
receive payment in cash or kind for their participation. They completed an online survey 
analysed via two separate designs: 
 
• Design 1: A 2 (meaning: pleasant, unpleasant) x 2 (familiarity: high, low) 
repeated measures design, in order to assess main and interaction effects 
between meaning-based associations and familiarity of bird sounds; and 
• Design 2: A 2 (meaning: pleasant, unpleasant) x 4 (meaning type: threat, 
behaviour, utility, environment) repeated-measures design, in order to assess 
interactions between meaning-based associations and meaning types. 
 
7.4.2. Stimuli 
 
7.4.2.1. Bird sounds 
Eight birdsong samples of ten seconds in length each were used, drawn from stimuli 
used in Study 2A. Four were common Australasian birds, and four were common 
Eurasian birds. Of each of these two groups, half of the sounds had previously been 
rated as high in familiarity in Study 2A, and half as low in familiarity. A list of these 
bird sounds is provided in Table 7.1. The audio clips themselves are supplied in 
Appendix E. 
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Table 7.1. Species of bird sounds presented in high and low familiarity conditions. 
 
High familiarity Low familiarity 
Wren 
Greenfinch 
Silvereye 
Jay 
Superb fairywren 
Parakeet 
Masked lapwing 
Cockatoo 
 
 
7.4.2.2. Meaning scenarios 
Eight meaning scenarios, four pleasant and four unpleasant, were composed in order to 
provide pleasant or unpleasant associations in line with the four semantic categories 
discussed in Section 1: threat, bird behaviour, utility, and environment. These scenarios 
were tested in a pilot study (N = 22), in which pairwise comparisons showed that the 
scenarios were significantly different in ratings of pleasantness (ps < .001 in all four 
cases). The scenarios are listed in Table 7.2, below. 
 
Table 7.2. Pleasant and unpleasant meaning scenarios presented in the four meaning 
type conditions. 
 
 Meaning 
Meaning type Pleasant Unpleasant 
Threat Imagine that this bird calls when 
its surroundings are safe and 
peaceful. 
Imagine that this bird calls when 
it is in a dangerous place, 
surrounded by predators. 
 
Behaviour Imagine that this bird is gentle. It 
helps to feed and raise its young, 
and shares territory peacefully 
with other birds. 
 
Imagine that this bird is 
aggressive. It abandons its young 
once they have hatched, and 
attacks other birds over territory 
and food. 
 
Utility Imagine that this bird helps crops 
to grow by spreading seeds and 
eating pests. 
 
Imagine that this bird ruins crops 
by eating their fruits and berries. 
 
Environment Imagine that this bird inhabits 
fields and open countryside. It 
feeds from bushes and builds 
nests in trees. 
 
Imagine that this bird inhabits 
city streets and squares. It 
scavenges for food and makes a 
mess of buildings. 
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7.4.2.3. Pairings of bird sounds and meaning scenarios 
Participants were presented with eight trials (pairings of bird sounds and scenarios) such 
that each bird sound and each scenario were each experienced only once. It was 
intended that participants would be presented with two trials where high-familiarity 
birds were paired with pleasant meanings; two trials where high-familiarity birds were 
presented with unpleasant meanings; two trials where low-familiarity birds were 
presented with pleasant meanings; and two trials where low-familiarity birds were 
presented with negative meanings, with average scores per dependent variable taken. 
Due to a database error, only twenty-two participants were presented with these trials as 
intended. The remaining eighty participants were presented with unequal numbers of 
familiarity and meaning trial pairings on at least one occasion (e.g. three trials pairing 
high familiarity bird sounds with positive meanings, and one trial pairing a high 
familiarity bird sound with a negative meaning). However, all participants experienced 
the eight trial types at least once. The order in which participants were presented with 
these trials was randomised.  
 
7.4.3. Measures 
 
7.4.3.1. Demographics and background information 
Participants were asked to provide brief demographic details (gender, age, and their 
country of residence) and to indicate whether they considered themselves to be experts 
in audio and birds in order for data from such participants to be screened during 
analysis. These questions are supplied in Appendix C. 
 
7.4.3.2. Perceived restorative potential (PRP) 
Participants rated each sound on its perceived restorative potential (PRP) by responding 
the question, “If you were stressed and mentally worn out, to what extent do you think 
listening to this bird would help you to recover?” on a 7-point Likert scale where 1 = 
Not at all and 7 = Completely. This was a shortened version of the PRP item used in 
Study 2A. 
 
7.4.3.3. Affective appraisals 
Affective appraisals of the valence and activation associated with each bird sound were 
measured using two single item, 7-point semantic differential scales, where 1 = Very 
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unpleasant/Very calming, and 7 = Very pleasant/Very exciting. These items are adapted 
from those used by Björk (1985). A measure of activation or arousal with more limited 
valence attributes, such as that included in the Self Assessment Manikin (SAM; Bradley 
& Lang, 1994), was not utilised in this study due to the requirements of the recruitment 
collaborators, and the implications of this are discussed in section 7.6.3.5. 
 
7.4.4.  Procedure 
 
After providing informed consent, participants were asked to adjust their computer 
output volume to a comfortable level using a test sound file of conversational speech. 
Participants were encouraged to use headphones and to complete the procedure in a 
quiet environment if possible. They were then asked to provide demographic and 
background information, before rating the eight bird sound and meaning scenario 
pairings on restorative potential and affective appraisals items. Bird sound and scenario 
pairings were presented in a random order. After completion of the survey, participants 
were thanked and debriefed online. The questionnaire items used in this study are 
provided in Appendix C. 
 
7.5. Results 
 
7.5.1. Design 1: Main and interaction effects of meaning and familiarity 
 
7.5.1.1. Data screening 
Average trial score for each of the four conditions were calculated per dependent 
variable. 7 participants (6.7%) were missing data on at least one variable. These were 
not found to be missing completely at random (MCAR), Little's Χ2 (30) = 56.10, p = 
.003. Further analysis revealed that data were MCAR on arousal and PRP variables, but 
not on the valence variable. Logistic regression was used to determine whether the 
demographic variables collected predicted the presence of missing data on the valence 
variable, but none of the demographics collected (age, gender, listening equipment, 
noisy place, bird/audio expert) were significant predictors. Given the lack of evidence 
that the data were missing not at random (MNAR), and the relatively low proportion of 
missing data, the SPSS Expectation Maximisation (EM) algorithm was used to impute 
the missing values. Data may have been missing due to participant non-response; 
valence scores were highly correlated with PRP scores (Pearson’s rs ranged from .64 to 
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.83 across conditions, ps < .001) and as such some participants may have felt that the 
valence items were redundant. 
 
Five participants self-reported as being bird experts, and one as being an expert in 
audio. Scores for these participants on the dependent variables were examined but none 
were found to be outliers (i.e. z-scores were < 3.29), so their data were retained in the 
following analyses. 
 
7.5.1.2. Design 1, Hypotheses A and D: Effects of meaning and familiarity on 
perceived restorative potential (PRP) scores 
A 2 (meaning: positive, negative) x 2 (familiarity: high, low) repeated-measures 
analysis of variance (ANOVA) revealed a significant main effect of meaning, F (1, 101) 
= 18.27, p < .001, ηp2 = .15. Bird sounds presented with a positive meaning were rated 
significantly higher in PRP (M = 3.69, SD = 1.22) than those presented with a negative 
meaning (M = 3.09, SD = 1.09). There was no significant main effect of familiarity, F 
(1, 101) = .24, p = .62, ηp2 = .002. More familiar bird sounds did not differ significantly 
in PRP score (M = 3.37, SD = 1.00) than less familiar bird sounds (M = 3.40, SD = .96). 
There was no significant interaction between meaning and familiarity, F (1, 101) = 
1.53, p = .22, ηp2 = .02, as shown in Figure 7.1. 
 
 
Figure 7.1. Mean PRP (± 1 SD) scores for bird sounds associated with positive and 
negative meanings, in high and low familiarity conditions. 
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7.5.1.3. Design 1, Hypotheses B and D: Effects of meaning and familiarity on valence 
scores 
A 2 (meaning: positive, negative) x 2 (familiarity: high, low) repeated-measures 
ANOVA revealed a main effect of meaning, F (1, 101) = 11.18, p = .001, ηp2 = .10. 
Bird sounds presented with a positive meaning were rated as significantly more 
positively valenced (M = 4.64, SD = .99) than those presented with a negative meaning 
(M = 4.18, SD = .92). There was no significant main effect of familiarity, F (1, 101) = 
2.22, p = .14, ηp2 = .02. More familiar bird sounds did not differ significantly in valence 
score (M = 4.46, SD = .80) than less familiar bird sounds (M = 4.36, SD = .71). There 
was no significant interaction between meaning and familiarity, F (1, 101) = .96, p = 
.33, ηp2 = .01, as shown in Figure 7.2. 
 
 
Figure 7.2. Mean valence (± 1 SD) scores for bird sounds associated with positive and 
negative meanings, in high and low familiarity conditions 
 
7.5.1.4. Design 1, Hypotheses C and D: Effects of meaning and familiarity on 
activation scores 
Two outliers with z-scores > 3.29 on activation variables were excluded, resulting in N 
= 99. A 2 (meaning: positive, negative) x 2 (familiarity: high, low) repeated-measures 
ANOVA revealed a significant main effect of meaning, F (1, 98) = 15.23, p < .001, ηp2 
= .13. Bird sounds presented with a positive meaning were significantly less activating 
(M = 3.42, SD = .78) than those presented with a negative meaning (M = 3.80, SD = 
.67). There was no significant main effect of familiarity, F (1, 98) = .70, p = .41, ηp2= 
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.01. More familiar bird sounds did not differ significantly in activation score (M = 3.58, 
SD = .66) than those that were less familiar (M = 3.64, SD = .59). There was no 
significant interaction between meaning and familiarity, F (1, 98) = .06, p = .81, ηp2 = 
.001, as shown in Figure 7.3. 
 
 
Figure 7.3. Mean activation scores (± 1 SD) for bird sounds associated with positive 
and negative meanings, in high and low familiarity conditions. 
 
7.5.2. Design 2: Interaction effects between meaning and meaning type 
Exploratory analyses were conducted on the effects of meaning on PRP, valence, and 
activation scores at each level of meaning type: threat, behaviour, utility, and 
environment. Given that familiarity did not have an effect on the dependent variables, 
scores were collapsed across familiarity conditions (since, as noted in section 7.4.2.3, 
participants did not experience all possible pairings of the eight sounds and eight 
meaning types). Six cases (6%) were missing data on at least one dependent variable. 
This was not found to be missing completely at random (MCAR), Little's Χ2 (48) = 
98.39, p < .001. As described in section 7.5.1.1, demographics data did not significantly 
predict the pattern of missing data, so the SPSS Expectation Maximisation (EM) 
algorithm was used to impute missing data values. 
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7.5.2.1. Design 2, Hypothesis A: Effects of meaning and meaning type on perceived 
restorative potential (PRP) scores 
A 4 (meaning type: threat, behaviour, utility, place) x 2 (meaning: positive, negative) 
repeated-measures ANOVA revealed a significant main effect of meaning type, F (3, 
303) = 17.59, p < .001, ηp2 = .15, and a significant interaction between meaning type 
and meaning, F (2.85, 287.32) = 3.35, p = .02, ηp2 = .03 (Mauchly’s test indicated that 
the assumption of sphericity had been violated in relation to this interaction effect, Χ2 
(5) = 14.73, p = .01, therefore degrees of freedom were corrected using Huynh-Feldt 
estimates of sphericity (ε  = .95)). Once meaning type was taken into account, the main 
effect of meaning was not significant, F (1, 101) = 1.46, p = .23, ηp2 = .01. 
 
Post-hoc pairwise comparisons with Bonferroni corrections revealed that the effects of 
meaning on PRP scores at each level of meaning type was significant only if the 
meaning related to environment, in that bird sounds associated with pleasant 
environment meanings were rated higher on PRP than bird sounds associated with 
unpleasant environment meanings (p = .03). For meanings related to threat, behaviour, 
or utility, there were no significant differences in PRP score between positive and 
negative meanings (ps > .05). This is illustrated in Figure 7.4.  
 
 
Figure 7.4. Mean PRP scores (± 1 SD) for bird sounds associated with positive and 
negative meanings in four meaning type conditions. 
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7.5.2.2. Design 2, Hypothesis B: Effects of meaning and meaning type on valence 
scores 
A 4 (meaning type: threat, behaviour, utility, place) x 2 (meaning: positive, negative) 
repeated-measures ANOVA revealed a marginal, non-significant effect of meaning, F 
(1, 101) = 3.48, p = .07, ηp2 = .03; a significant main effect of meaning type on valence 
scores, F (3, 303) = 15.24, p < .001, ηp2 = .13; and a significant interaction between 
meaning type and meaning, F (3, 303) = 7.77, p < .001, ηp2 = .07.  
 
Post-hoc pairwise comparisons with Bonferroni corrections revealed that the effects of 
manipulating meaning were significant if the meaning type related to threat (p = .02) or 
environment (p = .001), but not behaviour or utility (ps > .05). This is illustrated in 
Figure 7.5. It is notable that these significant effects of manipulating meaning were in 
opposite directions, in that ratings of valence were significantly higher when a negative 
meaning-based scenario regarding threat was presented, rather than a positive one, 
whereas ratings of valence were significantly higher when a positive, rather than a 
negative, environmental meaning scenario was presented. 
 
 
Figure 7.5. Mean valence scores (± 1 SD) for bird sounds associated with positive and 
negative meanings in four meaning type conditions. 
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7.5.2.3. Design 2, Hypothesis C: Effects of meaning and meaning type on activation 
scores 
A 4 (meaning type: threat, behaviour, utility, place) x 2 (meaning: positive, negative) 
repeated-measures ANOVA revealed a significant main effect of meaning, F (1, 101) = 
7.43, p = .01, ηp2 = .07. There was a non-significant main effect of meaning type on 
activation scores, F (2.65, 267.89) = 2.28, p = .09, ηp2 = .02 (Mauchly’s test indicated 
that the assumption of sphericity had been violated, Χ2 (5) = 24.07, p < .001, therefore 
degrees of freedom were corrected using Huynh-Feldt estimates of sphericity (ε = .88)), 
and a non-significant interaction effect between meaning type and meaning, F (3, 303) 
= 2.21, p = .09, ηp2 = .02. These are illustrated in Figure 7.6. 
 
 
Figure 7.6. Mean activation scores (± 1 SD) for bird sounds associated with positive 
and negative meanings in four meaning type conditions. 
 
7.6. Discussion 
 
7.6.1. Design 1: Effects of meaning and familiarity 
Manipulating meaning had significant effects on ratings of the perceived restorative 
potential (PRP) of the bird sounds, and affective appraisals of valence and activation in 
relation to the sounds. Bird sounds presented with positive meanings were rated as 
significantly more restorative, more positively valenced, and less activating than those 
presented with negative meanings. These findings indicate that, in line with findings 
from Studies 1, 2A, and 2B, aesthetic properties of bird sounds alone may not wholly 
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determine their perceived restorative value; the semantic value of the sounds is also 
important for such judgments. As expected based on literature from ethno-ornithology 
(e.g. Mynott, 2009) and from existing studies examining effects of threat-based 
meanings in nature on restorative potential (e.g. Herzog & Rector, 2009), bird sounds 
associated with positive meanings were perceived as more pleasant. Findings from this 
study go one step further than the ethno-ornithological literature by indicating that these 
bird sounds are also perceived to be less activating, and more potentially restorative, 
and expand understanding of the effects of meaning in restorative perceptions beyond 
threat alone.  
 
Within attention restoration theory (ART; Kaplan & Kaplan, 1989; Kaplan, 1995) and 
stress recovery theory (Ulrich, 1983; Ulrich et al., 1991), the semantic properties of 
natural environments are discussed but their contributions to restoration are rarely 
experimentally examined. This study, therefore, presents novel findings that the 
perceived restorative value of acoustic natural stimuli can be altered depending on 
semantic information, even if the perceptual properties of the stimulus remain the same. 
Pretty (2004, p. 72) notes that the study of restorative environments has traditionally 
examined responses to “green and beneficial, but anonymous” places. This study 
emphasises the potential importance of associations and meaning in restorative 
environments and responses to restorative stimuli, which may merit further systematic 
study. 
 
In this study, familiarity was not found to have a significant effect on PRP or affective 
appraisals ratings, nor was it found to interact significantly with meaning. This 
contradicts the positive predictive relationship between familiarity and PRP observed in 
Study 2A, but may be attributed to the much smaller range of stimuli used in this study. 
It was hypothesised that meaning and familiarity might interact, in that less familiar bird 
sounds could be more sensitive to the effects of manipulating meaning due to the 
likelihood of participants having fewer prior associations with such sounds. Although 
the pattern of results on PRP and valence variables suggests that the effects of meaning 
were greater for less familiar birds, these differences did not reach statistical 
significance, indicating that manipulating meaning can influence appraisals of bird 
sounds regardless of individuals’ familiarity with them. Few participants in this study 
self-reported as being bird experts, and therefore it may be that the majority of 
participants did not have strong, existing meaning-based associations with the bird 
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sounds regardless of familiarity. Future research may wish to explore whether 
interactions with familiarity are more pronounced amongst a sample of bird experts, 
who may have stronger prior associations with the sounds. 
 
7.6.2. Design 2: Effects of meaning and meaning type 
Manipulating meaning significantly affected activation ratings of bird sounds across all 
four meaning types, but its effect on valence ratings was significant only if the meaning 
type related to environment (natural versus urban) or threat (dangerous versus safe 
place). Manipulating meaning significantly influenced ratings of PRP only if the 
meaning related to environment (natural versus urban). These findings demonstrate that 
the global influence of the meaning-based associations studied here may be most 
influential for appraisals of sounds as activating; that is, calming versus exciting. This is 
line with concepts from stress recovery theory (SRT; Ulrich, 1983), in which the 
generic semantic properties of environments – such as the presence or absence of threat 
or danger – are argued to affect stress recovery through affective appraisals, and 
particularly reduction of arousal, although it is notable the item used here was not an 
absolute measure of arousal and was conflated with valence. 
 
The finding that PRP score was only influenced by manipulating meaning associated 
with natural versus urban environment is contrary to expectations, as dangerous or 
threatening natural environments have been found to have reduced restorative potential 
(e.g. Gatersleben & Andrews, 2013) and similar findings were expected here. It may be 
that individuals in the sample recruited for this study did not consider bird sounds to be 
salient signifiers of environmental threats or risks, particularly due to being resident in a 
highly urbanised, Western country where environmental risks are minimised. The two 
types of meaning relating to more distal risks or benefits, such as the behaviour of the 
bird and its utility for humans, did not significantly affect ratings of PRP or valence, 
suggesting that appraisals of pleasantness and restorative potential may be more 
sensitive to immediate risks salient to humans, such as direct threat within the 
environment. This supports findings such as those of Curtin (2009), in which 
participants were able to dissociate aggressive behaviours by birds from their positive 
feelings towards these birds.  
 
Surprisingly, negative associations regarding threat resulted in increased ratings of 
positive valence in this study, when reduced appraisals of positive valence were 
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expected. As discussed above, it may be that bird sounds are not sufficient signifiers of 
threats on their own to influence perceptions of their restorative potential, and/or the 
scenario regarding threat was not sufficiently unpleasant to negatively impact on 
affective appraisals of valence. Indeed, given the responses in Studies 1 and 2B 
regarding potential enjoyment of negative stereotypical associations with bird sounds, it 
may be that participants even found the association with threatening bird behaviour 
interesting or pleasurable, which may explain the elevated ratings of positive valence in 
response to threatening associations found in this study. As Participant E observed in 
Study 1: “... It makes you think of these horror movies you get and so on, but in a way 
it's a nice thing.” (p. 69). Alternatively, participants may have interpreted the 
threatening meaning scenario provided with the bird sounds in this study (“Imagine that 
this bird calls when it is in a dangerous place, surrounded by predators”) as a helpful 
and therefore positive warning, perhaps indicating that this type of meaning is also 
associated with utility.   
 
7.6.3. Limitations and opportunities for extension 
 
7.6.3.1. Instrumental versus personal meanings 
This study sought to examine the effects of manipulating meaning on restorative 
perceptions and affective appraisals of bird sounds. As such, instrumental meanings 
regarding the practical value of the bird sounds were chosen, since personal meanings 
or associations are necessarily much harder to impose on participants – these arise as a 
product of memories, folklore, and personal experience with birds (cf. Mynott, 2009; 
N’gweno, 2010). Findings from Study 1 and Study 2B indicate that such memories and 
experiences may relate to perceptions of bird sounds as restorative, while generic or 
instrumental meanings associated with bird sounds appear more related to negative 
perceptions of restorative and affective appraisals (e.g. threat and aggressive behaviour). 
As such, this study was limited in the extent to which it could realistically study the 
effect of manipulating personal, positive associations with bird sounds. However, the 
qualitative work presented in Studies 1 and 2B makes a strong case for relationships 
between memories and positive appraisals. 
 
7.6.3.2. Improving perceptions of birds and their sounds 
It is notable that, in general, when individuals experience bird sounds in wider 
environments these sounds are not usually accompanied by explicitly provided 
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contextual information. However, individuals do form associations with bird sounds – 
for example, Mynott (2009) and Sault (2010) discuss a number of literal and 
metaphorical associations between bird sounds and wider environmental concepts, and 
within the contexts of Studies 1 and 2B, birds with harsh sounds such as crows, jays, 
and magpies were frequently associated with aggressive behaviour. This study 
demonstrated that by pairing such bird sounds with positive meanings, their perceived 
restorative potential can be improved, perhaps ameliorating previous negative 
associations. Conservation practitioners who wish to encourage positive relationships 
with bird populations, amongst a wider range of flora and fauna, may find these 
findings useful in order to facilitate learning and the development of positive 
associations with avian species traditionally regarded as unpleasant, annoying, 
dangerous, or destructive. 
 
7.6.3.3. Salience of meaning types for Western participants 
Although manipulating meaning scenarios regarding bird behaviour and utility affected 
appraisals of activation in response to bird sounds, such scenarios did not have an effect 
on appraisals of valence or PRP. This may be due to a perceived lack of salience of 
these meaning types amongst participants in this sample, drawn from the general public 
in the UK who may be less concerned with the viability of crops or the implications of 
aggressive bird behaviours that individuals who live in closer proximity to nature, or 
who depend on it more directly (cf. Pereira et al., 2005). Future research may wish to 
explore whether individuals for whom these signifiers of resources are important, such 
as those from agricultural communities, display different appraisals and find these types 
of sound and meaning pairings more relevant to feelings of pleasure and restorative 
potential. 
 
7.6.3.4. Loss of power due to collapsing across independent variables 
In order to minimise the length of the experimental protocol and avoid participants 
becoming habituated to the bird sounds and the meaning scenarios, these stimuli were 
paired in such a way that participants experienced each sound and each scenario only 
once through eight pairings. As a result, participants did not experience all 64 possible 
pairings of bird sounds and scenarios, and for this reason it was not possible to conduct 
a 2 (meaning: positive, negative) x 2 (familiarity: high, low) x 4 (meaning type: threat, 
behaviour, utility, environment) design; rather, two two-way designs were used instead 
by collapsing across meaning type and familiarity variables. However, this may have 
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resulted in a loss of experimental power in the process of producing average scores, and 
in an increased Type I error rate due to the use of two sets of ANOVAs. Future research 
may include a larger experiment in which participants respond to 64 bird and meaning 
pairings, enabling a 2 x 2 x 4 fully repeated-measures design. 
 
7.6.3.5. Reliability of single-item scales 
This study used single-item scales as measures of the dependent variables: perceived 
restorative potential (PRP), valence, and arousal. The item used to measure PRP was a 
shortened version of that used in Studies 2A and 2B, based on a vignette utilised by 
Staats et al. (2003) and Staats and Hartig (2004), while the measures of valence and 
arousal were semantic differentials used by Björk (1985) in his study of affective 
appraisals of natural sounds. These items have been used to provide insight into 
affective and restorative appraisals of natural stimuli, but their single-item nature may 
lead to a lack of reliability. Furthermore, the measure of activation chosen was framed 
in terms of positive valence due to the operational requirements of recruitment 
collaborators at the British Science Association, meaning that direct comparisons with 
findings from Study 1B, where the Self Assessment Manikin (SAM; Bradley & Lang, 
1994) was used to measure arousal, are not possible. Future research may increase 
reliability of measurement of these DVs through use of multi-item measures of affective 
appraisals and restorative perceptions, such as the Zuckerman Inventory of Personal 
Reactions (ZIPERS; Zuckerman, 1977) as used in Hartig et al. (2003); a measure of 
arousal that is less dependent on valence such as the SAM (Bradley & Lang, 1994); and 
an outcomes measure such as the Restoration Outcome Scale (ROS; Korpela et al., 
2008). 
 
7.6.3.6. Online methodology 
Data were gathered via an online survey, facilitating the administration of the protocol 
to a sample of residents from across the United Kingdom, which would not have been 
possible in a laboratory-based study that draws participants from a smaller local area. 
However, data collection in an online setting meant that experimental control over the 
sound intensity of the stimuli and the wider acoustic environment was limited, which 
may have introduced error variance into the data. In order to counteract this, participants 
were asked to complete the study in a quiet environment, using headphones if possible, 
and to complete an audio calibration task beforehand so that sounds would be heard at a 
comfortable level. In order to strengthen this, future research may wish to conduct such 
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research in controlled laboratory settings with standardised audio equipment and sound 
intensity levels. 
 
As noted in section 7.4.2.3, a database error resulted in some participants receiving 
unequal numbers of trials pairing high and low familiarity bird sounds with positive and 
negative meanings. As a result, scores on DVs sometimes comprised an average across 
three trials, or a single score from one trial, instead of an average across two trials for all 
participants as had been intended. This may have resulted in reduced reliability for 
single score trials that could be avoided in future by ensuring trials are presented to 
participants in a balanced way. 
 
7.7. Conclusions and Next Steps 
 
In this study, 102 adult residents of the United Kingdom completed an online survey in 
which they rated eight bird sounds, paired with positive and negative meaning 
scenarios, on perceptions of restorative potential (PRP) and affective appraisals of 
activation and valence. Bird sounds paired with positive meanings were rated as higher 
in PRP, more pleasant, and less activating than bird sounds paired with negative 
meanings. This effect did not vary with familiarity with the bird sounds. Further 
examination of the effects of type of meaning showed that manipulating meaning 
associated with threat, bird behaviour, utility, and environment influenced ratings of 
how activating the bird sounds were, while ratings of pleasantness were influenced only 
by manipulating meanings associated with threat and environment. For PRP, only 
meanings associated with environment were influential. 
 
These findings support existing literature on the differences in restorative perceptions 
and outcomes that can occur in response to the presence versus absence of threat in 
natural environments, and extend this by showing that such differences can occur as a 
result of information about not only proximal or urgent threats such as danger and 
aggression, but also more distal or abstract threats such as the presence or absence of 
resources such as crops. In addition, the finding that manipulating the type of 
environment that a bird is associated with – that is, natural versus urban – demonstrates 
that individuals may extrapolate from bird sounds to perceptions of a wider 
environment, as observed in Study 2B, and make judgments about restorative potential 
according to those meaning-based associations. This study demonstrates that meaning-
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based attributes of bird sounds can contribute to appraisals of their affective 
characteristics and restorative potential, and in line with calls from researchers such as 
Pretty (2004) argues for the importance of further consideration of semantic attributes in 
the study of restorative environments. 
 
The studies described in this thesis thus far relate to perceptions of restoration and 
restorative potential in response to bird sounds. The final study in this thesis extends 
this knowledge by examining the restorative outcomes that may be achieved in response 
to bird sounds. This study is described in the next chapter. 
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Chapter Eight 
 
Study 4 
Effects of birdsong and traffic sounds on recovery from stressor tasks 
 
8.1. Abstract 
 
So far, the studies outlined in this thesis have explored the extent to which different bird 
sounds are perceived to be restorative, and reasons why this might be. However, as 
Pearson and Craig (2014) note, perceiving and experiencing restoration are not 
necessarily one and the same. Natural soundscapes have been shown to aid restoration 
(Alvarsson et al., 2010; Benfield et al., 2014; Medvedev et al., 2015), but it is not 
known whether this can occur as a result of listening to birdsong alone, and also 
whether listening to birdsong alone can also generate restoration of cognitive 
performance as measured through attention tasks. 
 
In this repeated measures study with 36 participants, exposure to four minutes of 
birdsong following stressor tasks significantly reduced self-reported negative affect, 
while exposure to four minutes of traffic sounds did not. No significant differences 
between audio conditions were observed on measures of psychophysiological arousal or 
on an attention orienting task. Findings suggest that specific natural sounds can 
influence subjectively measured restoration from negative affect. This is supported by 
analysis of qualitative data captured during the study, which showed that birdsong and 
traffic generated positive and negative imagery of wider environments and 
environmental characteristics, respectively. 
  
8.2. Introduction 
 
Visual exposure to nature can facilitate recovery from stress and improve cognitive 
performance to a greater extent than visual exposure to urban environments (e.g. Hartig 
et al., 2003; Berman et al., 2008). Similarly, natural soundscapes that include birdsong 
can aid affective and psychophysiological recovery from stress faster than traffic sounds 
(Alvarsson et al., 2010; Benfield et al., 2014; Medvedev et al., 2015). However, it is not 
clear whether the restorative effects of birdsong on its own might extend to stress 
recovery and improvements in cognitive performance; and how imagery provoked by 
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listening to sounds might be implicated in restorative outcomes. In addressing these 
research questions, this study aimed to understand whether birdsong can benefit both 
mood and cognition as has previously been found in studies utilising visual natural 
stimuli and wider natural soundscapes, and how imagined experience might play a part 
in any such benefits. 
 
8.2.1. Restorative outcomes in directly experienced natural environments 
Experiencing natural environments has been found to generate subjective and objective 
restorative outcomes following stress and cognitive fatigue. In Hartig et al. (2003), 
participants who visited a nature reserve experienced a reduction in blood pressure and 
negative affect, and improvements in cognitive performance and positive affect, 
whereas participants walking in an urban environment did not show such 
improvements. In Tyrväinen, Ojala, Korpela, Lanki, Tsunetsugu, and Kagawa (2014), 
participants who visited an urban park and a forest reported greater feelings of 
restoration than participants who visited an urban environment, although there were no 
significant differences in changes in physiological arousal. Although these studies did 
not specifically examine participant responses to the auditory aspects of the 
environments, Hartig et al. (2003, p. 111) notes that sounds were part of participant 
experience: “subjects could ... hear birds and a stream”. Hartig et al. (2003) also indicate 
that the urban environment was traffic-heavy, and although the sound of traffic is not 
referred to directly it is likely that this contributed significantly to the soundscape of the 
urban environment.  
 
8.2.2. Restorative outcomes in mediated natural environments 
Although the contribution of sounds to restorative experiences is still relatively 
understudied, aspects of existing studies suggest that sounds may be an important 
component of the experience of nature. Kjellgren and Buhrkall (2010, p. 470) examined 
qualitative responses to direct and indirect exposure to natural environments and noted 
that, when compared to direct experience, participants “missed the sounds and smells” 
associated with being present in nature outdoors. Fredrickson and Anderson (1999, p. 
31) note that participants in qualitative interviews about wilderness experiences 
reported: “It was so incredible being able to hear the birds.” Study 1 built on this work 
by qualitatively exploring the perceived importance of natural sounds for restoration 
and relaxation and found that bird sounds were often perceived to be helpful, 
particularly due to imagery such as memories and associations linked to the sounds. 
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Indirect experience of natural and urban environments has been reported to produce 
differing restorative outcomes through use of audio and audio-visual media, and sounds 
form an important part of this experience. For example, Alvarsson et al. (2010) and 
Medvedev et al. (2015) note that participants who listened to nature sounds (birdsong 
and water sounds together) showed a trend towards faster reduction in skin conductance 
following stress than those who listened to loud traffic sounds, but there were no 
significant differences in heart rate or heart rate variability. 
 
Conflicting evidence exists for the role of natural sounds in facilitating restoration of 
self-reported affect and objectively measured cognitive performance, particularly in 
comparison to urban sounds. Benfield et al. (2014) reported significant improvements in 
self-reported mood amongst participants who listened to natural sounds, including 
birdsong, but not sounds from the built environment, whereas Emfield and Neider 
(2014) found no differences in self-reported affect or cognitive performance when 
listening to natural or urban soundscapes. The present study builds on these findings by 
using different cognitive tasks to those employed by Emfield and Neider (2014), and by 
using audio recordings of songbirds rather than seagulls and water as used by those 
authors. Given the low pleasantness evaluations of gull sounds as reported by Björk 
(1985) and as found in Studies 2A and 2B of this thesis, it is possible that unpleasant 
perceptions of seagulls may have negatively influenced restorative outcomes in Emfield 
and Neider’s (2014) study. 
 
Despite these recent studies that extend understanding of the restorative effects of 
nature from the visuo-spatial to the auditory domain, there is as yet little study of 
whether bird sounds, which on their own are perceived as restorative as shown in Study 
1, can generate similar restorative outcomes in their own right. The studies conducted in 
this thesis so far have indicated that perceptions of the restorative value of bird sounds 
may stem from their ability to elicit associations and imagined perceptions of wider 
environments. As such, this study also sought to understand what, if anything, 
participants imagined during exposure to birdsong and sounds from the built 
environment (traffic), and how these associations and imagery might relate to 
restorative outcomes. This was achieved by capturing qualitative data at the end of the 
restoration experiment.  
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8.3. Aims and Hypotheses 
 
The literature discussed above suggests that sounds in nature contribute towards 
restorative perceptions and experience, and can aid recovery from stress to a greater 
extent than sounds from the urban environment. Birds have been found to be 
particularly important in perceptions of the natural soundscape (see Study 1), and as 
such this experiment sought to examine whether bird sounds alone can aid 
psychophysiological recovery from stress faster than characteristic urban sounds, and 
whether this difference extends to restoration of objectively measured cognitive 
performance and self-reported affect. Following a set of stressor tasks, it was expected 
that exposure to birdsong would result in the following change, relative to exposure to 
traffic sounds: 
 
• A) self-reported negative affect would decrease; 
• B) self-reported positive affect would increase; 
• C) objectively measured cognitive performance would increase; and 
• D) objectively measured psychophysiological arousal would decrease. 
 
Qualitative data were captured regarding anything that participants imagined whilst 
listening to the audio, and these were analysed using thematic content analysis (TCA; 
Hsieh & Shannon, 2005; Braun & Clarke, 2006) in order to understand whether 
birdsong and traffic generated different imagery, and to explore how this might relate to 
any differences in restorative outcomes. 
 
8.4. Method 
 
8.4.1. Design and participants 
A volunteer sample of 36 adult participants with normal hearing were recruited from the 
University of Surrey’s student and staff population and from local residents in the 
Guildford area. Ages ranged from 18 to 36 years (M = 22.36 years, SD = 4.60). Eight 
were male and 28 were female. Recruitment took place by advertising on campus and 
on the University’s research participation website. Participants were offered £10 in cash 
for their participation, or undergraduate course credit if eligible. Due to the student and 
staff sample taking part in the study, a favourable ethical opinion of the study was 
sought from and provided by the University of Surrey’s Ethics Committee.  
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Participants took part in a 2 (audio: birdsong, traffic sounds) x 4 (phase: baseline, stress, 
audio, post-audio) repeated-measures design, with self-reported affect, cognitive 
performance, and psychophysiological arousal measures as dependent variables. 
 
8.4.2.  Stimuli 
Two four-minute audio clips were presented to participants: one of birdsong recorded in 
English woodland and one of heavy traffic near a main road recorded in Canada 
(available audio recordings of English main roads were not judged to be of sufficient 
quality for use in this study). Both clips were sourced from high-quality sound libraries 
and used with permission where necessary. The sounds are included in Appendix E. The 
audio was presented using a desktop computer and Sennheiser headphones. The 
birdsong audio was presented at 50dB LAeq and the traffic at 65dB LAeq. These values 
were chosen based on the decibel values of sounds used in Alvarsson et al. (2010), 
whose natural sound condition was standardised at 50dB LAeq. Since sound pressure 
level was not the primary variable of interest in this study, an average of the high (80dB 
LAeq) and low (50dB LAeq) traffic sound pressure levels used in Alvarsson et al. (2010) 
was chosen; that is, 65dB LAeq. 
 
Two tasks were used to induce stress and attentional fatigue, collectively referred to 
hereafter as stress tasks. The first was a two-minute speeded mental arithmetic task used 
by Alvarsson et al. (2010) in order to increase arousal and negative affect. Each of the 
forty trials in this computer-based task required participants to decide within three 
seconds whether a given equation (e.g. 679 – 438 = 421) was true or false. The 
operative was either a subtraction, addition, multiplication, or division. Participants 
were shown feedback after each trial, accompanied by loud true, false, or too late 
feedback tones designed to increase annoyance. They were asked to respond as quickly 
and as accurately as possible using marked keys on the computer keyboard. 
 
The second stress task was a five-minute computer-based Stroop task, based on a 
similar Stroop task used by Gatersleben and Andrews (2013). Participants responded to 
one hundred trials where colour words were presented in colours that were congruent or 
incongruent with the colour words, and asked to indicate the presentation colour. Each 
trial was of a fixed three-second duration. Participants were asked to respond as quickly 
and as accurately as possible using marked keys on the computer keyboard. 
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8.4.3. Measures 
 
8.4.3.1. Self-reported affect 
Participants provided self-report ratings of positive and negative affect via the Positive 
and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988) at baseline, 
post-stressor, and post-audio phases. The PANAS calculates positive affect (PA) and 
negative affect (NA) by measuring intensity of twenty mood states on a five-point scale, 
where 1 = Very slightly or not at all; 5 = Extremely. The PANAS has been used 
successfully in restoration research by Berman et al. (2008) and is supplied in Appendix 
D. 
 
8.4.3.2. Psychophysiological arousal 
Participants’ heart rate (beats per minute, hereafter BPM) and skin conductance (micro-
siemens, hereafter µsiemens) were monitored throughout the experiment using Biopac 
Systems Model MP30 hardware and software, and were time-stamped to correspond 
with the different phases in the experiment. Skin conductance was be measured by two 
adhesive transducers connected to two fingers on participants’ non-dominant hand, and 
heart rate by adhesive transducers connected to the participants’ wrist and ankles. 
 
8.4.3.3. Cognitive performance 
Two computer-based measures of cognitive performance were used: the Necker Cube 
Pattern Control Task (NCPCT; cf. Hartig et al., 2003), and a modified version of the 
attention orienting task used by Laumann et al. (2003), both implemented using a laptop 
PC and E-Prime software.  
 
8.4.3.3.1. Necker Cube Pattern Control Task (NCPCT) 
The NCPCT requires participants to look at an image of a wireframe three-dimensional 
cube which can be seen in two different orientations. Focusing on one orientation is 
argued to utilise directed attention through inhibition of the competing pattern stimulus 
(Hartig et al., 2003), and as such perception of fewer shifts in orientation may reflect 
better cognitive performance. Adapted from Hartig et al. (2003), participants viewed an 
image of the Necker Cube on the computer screen and were instructed to ‘hold’ or focus 
on one orientation for two 30-second periods. If they experienced a reversal in 
orientation they were asked to tap audibly on the desk, and this was tallied by the 
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researcher. Average number of reversals across the two thirty-second periods were 
taken as a measure of cognitive performance, with fewer reversals indicating better 
performance. The NCPCT was administered at baseline, after the stress tasks, and post-
audio in each condition, in order to facilitate post-hoc manipulation checks of the 
effects of the stressor tasks on performance as well as study of post-audio restoration. 
The NCPCT figure is provided in Appendix D. 
 
Although Hartig et al. (2003) observed differences in NCPCT performance between 
natural and urban environments, there is a lack of agreement about the role of such 
directed or focused attention in processing of the Necker Cube image, with other 
researchers arguing that such processing is perceptually driven or a mix of bottom-up 
perception plus top-down, cognitively driven processes (cf. Long & Toppino, 2004, for 
a discussion). Given this lack of consensus, this study employed a second measure of 
cognitive performance in the form of an attention orienting task, as used by Laumann et 
al. (2003). 
 
8.4.3.3.2. Attention orienting task 
This task required participants to respond to the appearance of a visual target (an 
asterisk) presented on the left- or right-hand side of a computer screen, cued either 
exogenously by a visual cue (a rectangle) in the peripheral vision or endogenously by a 
central arrow cue. Trials were either valid (cued on the same side of the screen as the 
target), invalid (cued on the opposite side of the screen to the target), or neutral (cued on 
both sides of the screen). Exogenous cues attract involuntary attention whereas 
endogenous cues utilise voluntary or directed attention due to the need to identify and 
respond to a symbolic stimulus (Laumann et al., 2003). In addition to requiring directed 
attention, responding to endogenous cues that are invalid is also more costly in terms of 
attentional resources as it requires stimulus/response inhibition and attentional shift 
(Laumann et al., 2003). As such, participants with restored attention in the birdsong 
condition were expected to show faster post-audio reaction times (RTs) on endogenous 
trials, and particularly endogenous invalidly cued trials, in comparison to the traffic 
noise condition. 
 
Participants completed 192 trials (four blocks of 48 trials; two exogenous blocks and 
two endogenous), two-thirds of which were valid; one-sixth invalid; and one-sixth 
neutral (left- and right-hand sides of the field cued simultaneously). Valid, invalid, and 
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neutral cue presentation was randomised. Of the valid and invalid trials, half were 
presented on the left-hand side of the screen and half on the right. Neutral trials were 
included to prevent automaticity of response, and RTs on these trials were not analysed. 
Cues were presented for 200 milliseconds (ms) before appearance of the target, at which 
point participants were asked to respond as fast as possible using the keyboard. Inter-
trial intervals were 1.65 seconds and the task lasted approximately six minutes. The 
attention orienting task was administered post-audio only in each condition, since its 
length would have interfered with the effects of tasks in the stress phase. 
 
8.4.3.4. Qualitative data 
After completing the experimental procedure in each condition, participants were 
invited to describe anything that they had imagined when listening to the audio. They 
were presented with the question, “We would be interested to know if you imagined 
anything in response to the audio you listened to. If you did, please describe it briefly 
below,” and a text box in which to write their answer on the computer. These data were 
retained for thematic analysis as described in section 8.6. 
 
8.4.4. Procedure 
Participants were tested individually in a laboratory. After providing informed consent 
and basic demographic information, participants completed the following procedure in 
each audio condition in a counterbalanced order: 
 
• Baseline phase: Five minutes of quiet sitting, then PANAS 1, NCPCT 1 
• Stress phase: Mental arithmetic task, Stroop task, NCPCT 2, PANAS 2 
• Audio phase: Birdsong or traffic sounds, PANAS 3 
• Post-audio phase: NCPCT, Attention orienting, PANAS 4, Qualitative question 
 
After completing the above procedure in both conditions, participants were then 
thanked, verbally debriefed about the nature of the study, and given cash remuneration 
or course credit tokens as appropriate. The questionnaire measures used in the study are 
provided in Appendix D. 
 
The order of audio condition presentation (birdsong and traffic) was counterbalanced 
across participants. Heart rate and skin conductance measures were monitored 
throughout the experiment, starting after informed consent had been given and ending 
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after the last PANAS administration, and were time-stamped to relevant phases of the 
experiment (baseline, stress, audio, post-audio). The entire procedure took around one 
hour and fifteen minutes in total. 
 
The window blinds in the laboratory were shut for the duration of the experiment. 
Participants were asked to close their eyes when listening to the audio in order to 
prevent distraction from other stimuli in the laboratory. After administration of the last 
PANAS in each condition, participants were asked on-screen whether they had 
imagined anything whilst listening to the audio, and if so to describe it briefly in a free 
text response box. 
 
8.5. Quantitative Results 
 
Repeated measures analyses of variance (ANOVAs) with audio condition and phase as 
independent variables were conducted on PANAS scores, NCPCT performance, and 
heart rate and skin conductance data in birdsong and traffic conditions, in order to 
determine the effect of the stress and restoration phases on self-reported affect, 
cognitive performance, and psychophysiological arousal. A repeated measures ANOVA 
with audio condition, cue type, and cue validity as independent variables was conducted 
on attention orienting task data, in order to determine the effect of audio condition on 
task performance. Mean values for PANAS and NCPCT scores, heart rate, skin 
conductance, and attention orienting performance across the experimental phases are 
provided in Table 1.  
 
8.5.1. Self-reported affect 
 
8.5.1.1. Hypothesis A: Negative affect 
PANAS negative affect (NA) data were subjected to log-10 transformation prior to 
analysis in order to reduce positive skew and kurtosis (> 3). A 2 (audio: birdsong, 
traffic) x 4 (phase: baseline, stress, audio, post-audio) repeated-measures ANOVA 
revealed a significant main effect of audio condition, F (1, 35) = 5.20, p = .03, ηp2 = 
.13, in that negative affect across the experiment was higher in the traffic condition (M 
= 1.08, SD = .01) than in the birdsong condition (M = 1.07, SD = .01). There was a 
significant main effect of phase, F (3, 105) = 3.22, p = .03, ηp2 = .08. Post-hoc pairwise 
comparisons when collapsed across audio conditions revealed that negative affect was 
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not significantly different in the stress phase as compared to the baseline phase (p > 
.05), suggesting that the stress phase did not increase negative affect, although negative 
affect did significantly decrease between the stress (M = 1.09, SD = .07) and post-audio 
(M = 1.06, SD = .07) phases (p < .05). 
 
There was a significant interaction between audio condition and phase, F (2.11, 73.76) 
= 9.58, p < .001, ηp2 = .22. Mauchly’s test indicated that the assumption of sphericity 
had been violated in relation to the interaction effect, therefore degrees of freedom were 
corrected using Greenhouse-Geisser estimates of sphericity in the reporting of this 
result. 
 
Post-hoc pairwise comparisons with Bonferroni corrections revealed that negative affect 
did not increase significantly between baseline and stress phases in either birdsong or 
traffic audio conditions (ps > .05). However, negative affect significantly declined 
between stress and audio phases in the birdsong condition, t (35) = 4.32, p = .001, while 
it non-significantly increased in the traffic condition (p > .05). When comparisons were 
made between the audio and post-audio phase, negative affect non-significantly 
increased in the birdsong condition (p > .05), but significantly declined in the traffic 
condition, t (35) = 3.52, p = .006, as shown in Table 8.1. 
 
8.5.1.2. Hypothesis B: Positive affect 
PANAS positive affect (PA) data did not display skew and kurtosis but were also log-10 
transformed in order to aid interpretation alongside the negative affect data. Data from 
one participant were missing due to a technical error in the survey software, resulting in 
N = 35. 
 
A 2 (audio: birdsong, traffic) x 4 (phase: baseline, stress, audio, post-audio) repeated-
measures ANOVA revealed no significant main effect of audio condition, F (1, 34) = 
1.22, p = .28, ηp2 = .04. There was a significant main effect of phase, F (3, 102) = 
19.33, p < .001, ηp2 = .36. Post-hoc pairwise comparisons with Bonferroni corrections 
revealed that, when collapsed across audio conditions, positive affect significantly 
declined between baseline (M = 1.40, SD = .15) and audio (M = 1.37, SD = .18) phases 
and between audio and post-audio (M = 1.33, SD = .19) phases, (ps < .05), but did not 
differ significantly between baseline and stress or stress and audio phases (ps > .05), 
suggesting that the stress phase did not act negatively on positive affect. There was no 
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significant interaction between audio condition and phase, F (3, 102) = .52, p = .67, ηp2 
= .02, indicating that birdsong and traffic conditions were not differently affected in 
terms of positive affect following the audio exposure. Positive affect scores per 
condition are presented in Table 8.1. 
 
8.5.2. Hypothesis C: Necker Cube Pattern Control Task (NCPCT) 
A 2 (audio: birdsong, traffic) x 3 (phase: baseline, stress, audio) repeated measures 
ANOVA on NCPCT scores revealed a significant main effect of phase, F (2, 70) = 8.05, 
p = .001, ηp2 = .19. Post-hoc pairwise comparisons with Bonferroni corrections revealed 
that, when collapsed across audio conditions, participants perceived significantly more 
shifts in the Necker Cube in the stress phase (M = 3.96, SD = 2.75) and in the audio 
phase (M = 4.06, SD = 2.88) than in the baseline phase (M = 3.16, SD = 2.08), (ps < 
.05), but there were no significant differences in the number of shifts perceived between 
stress and audio phases (p > .05). 
 
There was no significant main effect of audio condition, F (1, 35) = .05, p = .82, ηp2 = 
.001, and no significant interaction between audio and phase conditions, F (1.49, 52.07) 
= 2.71, p = .09, ηp2 = .07 (Greenhouse-Geisser values reported). These results indicate 
that birdsong and traffic conditions were not differently affected in terms of NCPCT 
performance following audio exposure. 
 
8.5.3. Hypothesis C: Attention orienting task 
In the attention orienting task conducted in the post-audio phase only, a 2 (audio: 
birdsong, traffic) x 2 (cue type: endogenous, exogenous) x 2 (validity: valid, invalid) 
repeated measures ANOVA revealed a significant validity effect, F (1, 34) = 14.68, p = 
.001, ηp2 = .30, in that responses to valid cues were significantly faster than to invalid 
cues. However, there were no significant effects of audio condition or cue type, nor 
were there any significant interaction effects (ps > .05). Data from one participant were 
missing due to a software failure. Mean values per condition are shown in Table 8.2. 
 
8.5.4. Hypothesis D: Psychophysiological arousal 
Heart rate data from two participants and skin conductance data from one participant 
were unavailable due to hardware failure, resulting in N = 34 for heart rate analyses and 
N = 35 for skin conductance analyses. 
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A 2 (audio: birdsong, traffic) x 4 (phase: baseline, stress, audio, post-audio) repeated-
measures ANOVA revealed no significant main effect of audio condition on heart rate, 
F (1, 33) = .41, p = .53, ηp2 = .01, and no significant interaction effect between audio 
and phase, F (2.27, 74.98) = .47, p = .65, ηp2 = .01 (Greenhouse-Geisser values 
reported). There was a significant main effect of phase, F (1.74, 57.52) = 24.75, p < 
.001, ηp2 = .43 (Greenhouse-Geisser values reported). Post-hoc pairwise comparisons 
with Bonferroni corrections showed that, when collapsed across audio conditions, heart 
rate significantly increased between baseline (M = 77.13, SD = 12.87) and stress phases 
(M = 81.13, SD = 13.29); significantly declined between stress and audio phases (M = 
74.55, SD = 11.54) and between stress and post-audio phases (M = 76.99, SD = 11.97); 
and significantly increased again between audio and post-audio phases (ps < .05). 
 
A 2 (audio: birdsong, traffic) x 4 (phase: baseline, stress, audio, post-audio) repeated-
measures ANOVA revealed no significant main effect of audio condition on skin 
conductance, F (1, 34) = .21, p = .65, ηp2 = .006, and no significant interaction effect 
between audio and phase, F (1.82, 61.95) = .14, p = .85, ηp2 = .004 (Greenhouse-
Geisser values reported). 
 
There was a significant main effect of phase, F (2.23, 75.71) = 33.56, p < .001, ηp2 = .50 
(Greenhouse-Geisser values reported). Post-hoc pairwise comparisons with Bonferroni 
corrections showed that, when collapsed across audio conditions, skin conductance 
significantly increased between baseline (M = 3.76, SD = 1.82) and stress phases (M = 
4.66, SD = 2.14), and then significantly declined between stress and audio phases (M = 
4.02, SD = 1.92), ps < .05. There was no significant difference between skin 
conductance in audio and post-audio phases (p > .05). 
 
8.5.5. Summary of quantitative results 
Exposure to both birdsong and traffic sound resulted in significantly decreased positive 
affect. Exposure to birdsong resulted in significant reduction in negative affect, and 
produced marginally better cognitive performance as measured through the Necker 
Cube Pattern Control Task (NCPCT), whereas exposure to traffic sounds did not. While 
negative affect did not increase on presentation of the traffic sounds, it significantly 
declined in the post-audio phase once the sounds had ceased. No significant differences 
between audio conditions were found on cognitive performance as measured through an 
attention orienting task, or on arousal as measured through heart rate and skin 
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conductance, although there was a non-significant trend towards greater reduction in 
skin conductance following exposure to birdsong as can be seen in Table 8.1. 
 
Table 8.1. Mean affect (log-10 transformed), NCPCT, heart rate, and skin conductance 
scores (± 1 SD) in birdsong and traffic sound conditions during each experimental 
phase.  
 
 Birdsong 
 Baseline Stress Audio Post-audio 
Positive affect 1.41 (.18) 1.41 (.17) 1.38 (.20) 1.32 (.20) 
Negative affect 1.07 (.07) 1.09 (.09) 1.04 (.06) 1.06 (.09) 
NCPCT (shifts) 3.36 (2.81) 4.25 (3.29) 3.72 (2.87) - 1 
Heart rate (BPM) 77.12 (13.92) 81.62 (14.72) 74.68 (12.45) 77.34 (13.08) 
Skin conductance 
(µsiemens) 
3.76 (1.95) 4.65 (2.24) 3.96 (2.02) 4.00 (2.24) 
     
 Traffic sound 
 Baseline Stress Audio Post-audio 
Positive affect 1.40 (.15) 1.39 (.16) 1.35 (.18) 1.32 (.20) 
Negative affect 1.06 (.06) 1.08 (.08) 1.11 (.10) 1.06 (.07) 
NCPCT (shifts) 2.96 (2.82) 3.67 (3.32) 4.39 (3.54) - 1 
Heart rate (BPM) 77.14 (12.34) 80.64 (12.63) 74.41 (11.06) 76.64 (11.27) 
Skin conductance 
(µsiemens) 
3.76 (1.82) 4.66 (2.13) 4.09 (1.94) 4.06 (1.93) 
 
1 Task not administered post-audio 
 
Table 8.2. Mean attention orienting task reaction times in milliseconds (± 1 SD) across 
trial types and audio conditions. 
 
 Birdsong Traffic sound 
Trial type Valid Invalid Valid Invalid 
Endogenous 259.61 (81.62) 283.18 (98.12) 254.71 (78.66) 286.88 (110.28) 
Exogenous 269.96 (89.66) 286.28 (110.42) 262.60 (71.18) 295.10 (104.96) 
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8.6. Qualitative Analysis and Results 
Twenty-four participants indicated that they had imagined something in response to the 
bird sounds, and twenty-nine participants reported imagining something in response to 
traffic sounds. Participant responses were analysed through thematic content analysis 
(Hsieh & Shannon, 2005; Braun & Clarke, 2006), enabling identification of key themes 
that were then related to existing theories of and concepts in environmental restoration. 
Comments regarding imagery provided by participants were collated and read 
individually and as a set. Initial codes were then extracted from the comments on a 
word-by-word basis, based on their relevance to individual concepts. This extraction 
process was accompanied by initial comments and reflections by the researcher. When 
all comments had been coded, the concept categories were reviewed and any that 
reflected more than one theme were split as necessary. Categories were organised into 
hierarchies in order to reflect key themes and the subthemes within them. These are 
summarised in Table 8.3 and discussed below. 
 
Table 8.3. Main themes and sub-themes of participant imagination in response to 
birdsong and traffic sounds. 
Theme Birdsong  Traffic sounds 
    
 Sub-theme  Sub-theme 
Environment type Forest/woodland  Motorway/highway 
 Garden  Road/street 
 Park  Tunnel 
 Fields/countryside  Bridge 
 Bird sanctuary  City 
   Mountain 
Environmental characteristics Birds  Cars, traffic 
 Birdsong  Rain 
 Trees  Trucks 
 Sun  Bikes 
 Water  Aeroplanes 
 Grass   
 Wind   
 Rain   
 Friends   
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Environmental interactivity Walking  Standing, waiting 
 Hearing/listening  Driving 
 Feeling  Car breakdown 
 Sitting  Trying to cross road 
 Lying down  Riding a bike 
 Remembering   
 Riding a bike   
Appraisals and descriptors Pleasant  Busy 
 Summer  Fast 
 Spring  Dangerous 
 Soft  Narrow 
   Big 
 
8.6.1. Green space 
When participants described the birds producing the sounds presented, they were often 
imagined in a green space such as a woodland or forest, and to a lesser extent gardens 
and parks. Participant 8 imagined a wider range of environments: “forest, bird 
sanctuary, birds, meadow, wooded area, fields, countryside...”. When garden 
environments were mentioned they tended to be participants’ own garden (Participant 
31: “My back garden at home”) or that of a family member (Participant 32: “my aunt's 
garden”), indicating that bird sounds may prompt recollection of specific or familiar 
places, perhaps associated with the home or with family. This echoes similar findings in 
Study 2B. 
 
8.6.1.1. Environmental characteristics 
Participants imagined a wide range of characteristics of their green space, such as flora, 
fauna, seasonal elements, and topography. If participants specified a season or type of 
weather in their description of the scene, this was either spring or summer with fair 
weather. For example, Participant 36 noted: “the sky was clear and it was a lovely 
sunny day”. Rain was mentioned by Participant 28, but as a past event: “sunny weather 
right after rain”. Although there was no water in the audio recording, some participants 
imagined groundwater being present in the environment, such as a river, lakes, or a 
pond. Participant 21 said: “... the sound which is not bird singing may be from river or 
lakes.”  
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Unsurprisingly, most participants reported imagining the experience of hearing or 
listening to bird sounds, described in terms of chirping or song. Participant 21 described 
a diversity of bird life and bird sounds: “There may be one or two birds which are like 
leaders. Some birds may be just born.” The same participant later described the 
birdsong as “music”, perhaps indicating aesthetic values that have been linked to 
restorative perceptions of bird sounds as described in Studies 1 and 2A of this thesis.  
 
Beyond birds and birdsong, trees were the next most commonly imagined stimulus 
within the imagined environment. For Participant 21, the trees formed a background to 
her description of the birds and birdsong: “There is a forest with many high and 
properous [sic] trees. Plenty of birds are standing on the branch of different trees.” Both 
the vigour and the biodiversity of flora and fauna seem important to this participant’s 
perception of the scene, and in general participant descriptions point to environments 
full of vitality and natural resources such as sun, plants, water, and animals. This 
connects with the argument that environments rich in resources and natural life may be 
likely to be preferred and considered restorative (Ulrich, 1983). In this study, the act of 
listening to birdsong alone generated imagery of such an environment. 
 
It is notable that participants tended to limit themselves to factual descriptions of what 
they imagined in the scene, but when they did elaborate on their descriptions these were 
in positively valenced terms such as lovely, good, or as Participant 35 put it: “I enjoyed 
it.” Participant 22 described birdsong as a “pleasant” type of stimulus. Participant 35 
described imagining “the soft wind”, indicating that elements of the environment may 
be subtle and not particularly intense or activating. These findings are in line with 
Ulrich’s (1983) theory that restorative natural environments tend to generate positive, 
non-arousing appraisals.  
 
8.6.1.2. Memories 
Past events and memories were mentioned by two participants. Participant 29 
commented on “remembering good moments riding a bike with my friends” and 
Participant 17 imagined “forest or woods I used to go to”. Findings from Studies 1, 2B 
and 3 indicate that memories and associations are important in perceptions of bird 
sounds as restorative, and here birdsong seemed to prompt memories of wider natural 
environments and activities and feelings associated with them. For Participant 29, 
listening to the audio seemed to trigger positive associations of activity in the outdoors 
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in a social context. Staats and Hartig (2004) note that being in social company can 
inhibit restoration in nature, but here positive experiences in nature seem linked with 
socialising. 
 
8.6.1.3. Interaction with the environment 
Some participants imagined an immersive environment that they could interact with and 
feel with their senses. For Participant 33, this took the form of a binaural experience in 
which the sound seemed to come from different directions (“It felt as though the birds 
were flapping around my ear at one point”) as well as imagined haptic or touch-based 
experiences (Participant 35: “I imagined ... feeling the nature, the soft wind and I 
enjoyed it.”; Participant 28: “... with feet on the grass”). Listening to birdsong generated 
perceptions of other sensory experiences which may have enhanced sense of presence in 
the imagined environment. It is also notable that when participants described the 
environment in detail, they used visuo-spatial descriptors such as “high” or “clear”, 
indicating that they were imagining a scene that was not just audible and palpable, but 
also visible. 
 
Some participants imagined actively experiencing the environment through walking 
(Participant 13: “Walking in the woods listening to the birds singing”) or bike riding, 
while others imagined less active experiences such as sitting or lying down in the 
environment (Participant 7: “lying in the garden...”). Participant 6 described “waking 
up” in such an environment, indicating that this might be a place suitable for sleeping or 
resting. Within restoration literature, nature has variously been framed as a place in 
which individuals can go to in order to mentally recover from exertion (e.g. Kaplan & 
Kaplan, 1989; Kaplan, 1995), as well as a place to engage physically with the 
environment (e.g. Hartig et al., 2003). Participant observations here point to a mixture 
of both stances, with nature visualised in response to birdsong offering opportunities for 
activity and rest, echoing findings from Study 2B. In particular, many of the activities 
described by participants seem reflective or internally-focused, such as listening, 
remembering, hearing, and feeling. 
 
8.6.2. Urban space 
When listening to traffic sounds, the majority of participants who reported imagining a 
scene said it was a motorway or main road in an urban setting (Participant 8: “a big city, 
a motorway”), although some participants imagined a bridge or tunnel, and Participant 
  184 
21 imagined a place that had both natural and man-made elements: “It seems like I was 
in a car driving in a narrow and dangerous mountain road.” Some participants named 
the motorway that they imagined (e.g. A3, M25), again suggesting that the act of 
listening to sounds prompted visualisations of familiar or known environments. The 
types of environments (motorways, bridges, and tunnels) imagined by participants have 
strong links to mass transit and connectivity, as summarised by Participant 8 who 
reported imagining “cars, the london underground, lorries, trains” despite the sound clip 
not including rail or tube trains. 
 
8.6.2.1. Environmental characteristics 
Participants almost unanimously agreed that their imagined environment was populated 
by traffic and transport. Cars were the primary type of traffic imagined in the road 
setting, and to a lesser extent trucks, bicycles, and aeroplanes: “Cars and trucks 
whizzing by on a motorway” (Participant 26). Participants tended to describe the traffic 
as busy and fast. For example, Participant 9 imagined “the M25 during rush hour”, and 
Participant 12 indicated that navigating the environment might involve some effort: “A 
very busy street which I try to cross.” These terms may be linked to appraisals of an 
environment as arousing or activating (Russell & Pratt, 1980). Indeed, some participants 
imagined the speed of traffic as undesirably fast, and for Participant 21 this was linked 
to an imagined state of arousal as well as negative affect: “Sometimes the speed of car 
was too fast and I felt I was in a risk to fall down from the high mountain. ... Basically I 
felt adventurous and a little afraid to those situations.” Participant 32 also imagined 
“someone in grave danger”, although the nature of the threat was not elaborated on. 
Several participants also imagined vehicle breakdown, a stressful and negatively 
valenced event. Although quantitatively measured negative affect did not decline 
significantly after listening to traffic sounds in this study, the qualitative data suggest 
that participants imagined an environment that was demanding, sometimes dangerous, 
and therefore potentially not restorative (cf. Kaplan, 1995; Ulrich, 1983). 
 
Several participants perceived the environment to be wet and rainy, although there was 
no water in the recording. Participant 22 reflected on the sound source and said that, “At 
first, it sounded like sea waves”, perhaps pointing to a similarity between broad-
spectrum traffic sounds and water sounds (Galbrun & Ali, 2013; Kumar et al., 2008). 
The similarity between traffic and an element of the natural soundscape could be a 
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potential explanation for the lack of significant differences in restorative outcomes 
between audio conditions. 
 
8.6.2.2. Memories 
Two participants noted that they imagined past events in response to the sounds, but did 
not specify whether these were positive or negative. For example, Participant 4 noted: “I 
was remembering past images or events that I associated with the sounds,” and 
Participant 29 imagined “travelling by bike in a busy road similar as I did in the past.” 
 
8.6.2.3. Interaction with the environment 
Some participants imagined themselves to be within and surrounded by the urban 
environment (Participant 28: “... me standing in the middle of it...”) or traversing it 
(Participant 29: “I imagined travelling by bike in a busy road”), while others imagined 
themselves on the sidelines (Participant 33: “I imagined I was stood on the side of a 
motorway.”). The act of standing beside the road was particularly associated with 
vehicle breakdown. For example, Participant 13 imagined being “broken down on the 
hard shoulder of a motorway”, an event which, by its nature, puts motorists in a passive 
position. 
 
Three participants indicated they imagined themselves actively engaging with the 
environment by driving, riding a bicycle, or trying to cross the road, but for most 
participants their imagery was largely from the point of view of a spectator. This 
conflicts with the usual nature of an urban streetscape, which imposes demands on those 
who engage with it (e.g. navigating traffic, pedestrians). It is possible that listening to 
traffic sounds did not generate a strong enough sense of presence for participants to 
imagine coping with these demands. This could be a potential explanation for the lack 
of significant differences between conditions on quantitative measures of 
psychophysiological recovery and cognitive performance, in that experience of traffic 
sounds was insufficient to mimic the dynamic, challenging experience of an urban 
environment. 
 
8.6.3. Summary of qualitative results 
Most participants reported experiencing imagery in response to the audio conditions, 
and in most cases this took the form of an imagined environment in which the birdsong 
or traffic sounds could be heard. Birdsong generated imagery of many different natural 
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spaces with a diverse range of elements, including flora, fauna, sun and summer or 
springtime. These environments were associated with positive memories, and appraisals 
of the environments and elements within them were positive and not arousing. 
Participants imagined engaging with the environment in both active and passive ways, 
and sometimes through multi-sensory means. 
 
In contrast, traffic sounds generated very similar imagery and imagined environments 
across participants; that is, a motorway with cars as the main source of traffic, often in 
wet weather. This may be due to similarities in the acoustic properties of water and 
traffic sound (cf. Kumar et al., 2008). The imagined environment generated by traffic 
sound was associated with memories for two participants but the valence of these was 
unclear. However, several participants imagined the environment in the context of 
vehicle breakdown, which is generally a negatively valenced event. Appraisals of the 
imagined environment were activating or arousing and sometimes negative, and were 
based on perceptions of speed, busy traffic, and danger. Some participants imagined 
actively engaging with the environment but many reported passively observing or 
experiencing it. 
 
These qualitative findings suggest that sounds of birdsong and traffic can prompt the 
visualisation of different environments. Bird sounds generated more detailed and varied 
imagery than traffic sounds, which were imagined in the context of a relatively 
homogenous environment. Birdsong tended to generate visualisations of more active 
behaviours within the environment, although passive imagined behaviours were 
reported in both conditions. 
 
8.7. General Discussion 
 
8.7.1. Change in self-reported affect 
Exposure to birdsong significantly reduced negative affect following the stressor phase, 
whereas negative affect did not alter significantly upon exposure to traffic sounds. This 
supports existing research showing benefits to self-reported affect following exposure to 
acoustic experiences of nature (Benfield et al., 2014) and extends them by showing that 
self-reported affective restoration can occur in response to a single type of natural 
sound: birdsong. While the traffic sound condition did not mirror this effect by showing 
significantly increased negative affect after stress, negative affect did significantly 
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reduce in this condition once the sounds had stopped. This suggests that participants 
may have found that the sounds were inhibiting restoration in some way. This is 
supported by qualitative findings that convey perceptions of danger and urgency in the 
acoustic environment. In addition, the relative lack of diversity in participants’ 
qualitative responses to the traffic sounds may suggest that they imagined less detailed, 
holistic, or immersive environments that could have limited restorative experiences.  
 
Contrary to expectations, exposure to both birdsong and traffic sounds after the stress 
phase significantly reduced positive affect. This conflicts with existing evidence 
showing that exposure to nature acts on both positive and negative affect (Hartig et al., 
2003) and that exposure to natural sounds can improve positive affect (Benfield et al., 
2014), although Emfield and Neider (2014) observed a decrease in positive affect 
following audio exposure which was attributed to incomplete restoration in the face of 
cognitive fatigue. A speculative explanation for this study’s similar finding may be 
limited efficacy of bird sounds alone in producing perceptions of a restorative 
environment in terms of positive affect. It may be that four minutes of birdsong was 
insufficient to compensate for the effects of the stressor tasks, or that the holistic 
experience of nature afforded by multisensory experience was lacking. Just as 
participants in Kjellgren and Buhrkall (2010, p. 470) observed that they “missed the 
sounds and smells” of nature that they imagined should be present in a video presented 
without sound, participants here imagined other sensory experiences of nature when 
listening to birdsong; for example, in qualitative data participants reported imagining 
grass underneath their feet or feeling a gentle wind. Since participants imagined these 
elements, it suggests that they are desirable and may have an impact on restoration that 
might not be apparent in their absence, although no participant explicitly expressed a 
desire for other sensory experiences. 
 
8.7.2. Change in psychophysiological arousal 
Exposure to birdsong and traffic sounds both significantly reduced heart rate and skin 
conductance. While this may be a result of experiencing rest in both conditions 
following the stressor phase, there was a non-significant trend towards greater 
reductions in skin conductance in the birdsong condition. Although this finding did not 
reach statistical significance, it broadly corresponds with the findings of Alvarsson et al. 
(2010) and Medvedev et al. (2015) that nature sounds can generate greater restorative 
outcomes following stress than traffic sounds, and extends them by utilising birdsong 
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alone rather than birdsong mixed with water. Alvarsson et al. (2010) and Medvedev et 
al. (2015) found that familiar sounds were linked to reductions in skin conductance, and 
that birdsong and water sounds were rated the most familiar of the audio stimuli used. 
However, in the present study only birdsong without a background of water was used. 
Birdsong is usually heard in the context of a wider natural soundscape, and it is possible 
that participants were surprised by the clarity or lack of other sounds alongside the 
birdsong, and perhaps thought it unfamiliar. Such a lack of familiarity may have 
obscured restorative effects, and may be notable when considering the restorative 
benefits of natural sounds in isolation or as part of a wider soundscape. This is borne 
out in the qualitative data, in which participants imagined birdsong as one auditory 
element amongst others, such as water and wind. 
 
The lack of a significant difference between birdsong and traffic sound on physiological 
measures may also be a function of the acoustic properties of traffic sounds. Traffic is a 
broad-spectrum sound that can be masked by water sounds (Galbrun & Ali, 2013). In 
qualitative data, one participant reported perceiving the traffic sounds as the sounds of 
the ocean at first, indicating that the two could be confused, and several other 
participants perceived water in the soundscape despite no water being recorded. 
Although most participants reported imagining a traffic-filled environment, given the 
prevalence of positive responses to water sounds (e.g. Kumar et al., 2008) it is possible 
that perceptions of water in the traffic sounds may have confounded the differences in 
restoration between the two conditions, particularly as water in environments has been 
linked to potentially restorative perceptions (Wyles et al., 2014). 
 
8.7.3. Change in cognitive performance 
Cognitive performance as measured through the NCPCT did not show significant 
differences between conditions. There was a trend in the expected direction in that 
performance improved in the birdsong condition and decreased in the traffic condition, 
although these differences did not reach significance in themselves. Effect sizes were 
generally small in the study and lack of power may have been a factor in the lack of 
significant differences. The fact that this study found small effect sizes may reflect the 
fact that audio is only one part of environmental experience, and it is possible that 
multi-sensory experience of environments featuring birdsong and traffic sounds may 
generate stronger differences between conditions and larger effect sizes due to enhanced 
perception of the environments in question. The qualitative data reflect this, in that 
  189 
some participants in the birdsong condition imagined multisensory experiences such as 
touch and vision as well as sound, which may have generated restorative effects had 
they actually been experienced. In the case of the traffic condition, comments framing 
participants as passive spectators in the environment points to a potential lack of 
engagement with the audio, particularly since experience of actual urban environments 
involves proactive behaviour such as navigation. In both cases, it may be that audio 
exposure alone was insufficient to embody the environments that they represent for the 
purposes of restoration in this study, particularly since the qualitative data indicated that 
many participants imagined wider, holistically-experienced environments in response to 
the sounds. 
 
Cognitive performance as measured through the attention orienting task did not show 
any differences between audio conditions, only a consistent validity effect across 
conditions and endogenous and exogenous cue types. This is in contrast to the expected 
effect that participants in the birdsong condition would react faster to endogenous trials, 
and particularly endogenous invalidly cued trials, than those in the traffic sound 
condition. It is unclear whether this due to choice of the attention orienting task as an 
assay of cognitive performance, or the inability of the audio to generate an effect that 
might otherwise be detected with different tasks. This highlights a difficulty in 
restoration research in pinpointing what kinds of cognitive performance might be 
influenced by environmental differences. While attention restoration theory (ART; 
Kaplan & Kaplan, 1989) suggests that natural environments benefit cognition through 
replenishment of directed, voluntarily-controlled, or endogenous attention, the tasks that 
have been used to measure such attention restoration, such the NCPCT, the Sustained 
Attention to Response Task (SART; Berto, 2005); attention orienting tasks (Laumann et 
al., 2003), and the Attention Network Task (ANT; Berman et al., 2008; Emfield & 
Neider, 2014), measure different types of attention and cognitive performance – and, in 
the case of the NCPCT, may not measure attention but rather visual satiation or a 
combination of the two (Long & Toppino, 2004). In addition, the tasks traditionally 
utilised in restoration research focus on visual attention or visually-dominated cognitive 
performance. However, in studies exploring restoration through auditory modalities it 
may be helpful to use measures of cognitive performance that are also auditory, such as 
an auditory cognitive load task. 
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8.8. Conclusions 
 
In this study, thirty-six adults completed a set of stress tasks prior to listening to four 
minutes of birdsong or traffic sounds. Both audio conditions showed decreased positive 
affect after audio exposure, but only birdsong significantly reduced negative affect. 
Audio conditions did not differ in terms of their effects on cognitive performance as 
measured through the NCPCT and an attention orienting task. Analysis of qualitative 
data revealed differences in imagined content in response to birdsong and traffic sounds. 
Birdsong resulted in imagined scenes of diverse green spaces with pleasant, non-
arousing characteristics and a range of imagined activities within those spaces, while 
traffic sound resulted in imagery of homogenous urban environments with arousing and 
sometimes negative characteristics. Previous research has shown that birdsong and 
water sounds can reduce psychophysiological signs of stress and improve mood 
(Alvarsson et al., 2010; Benfield et al., 2014; Medvedev et al., 2015), and this study 
extends these findings by showing that listening to birdsong alone, in comparison to 
traffic sounds, can generate imagery of visuo-spatial environments and can reduce 
negative affect. Future research may wish to build on these findings by using measures 
of cognitive performance that are more suited to auditory stimuli; by including a control 
condition without audio or with white noise; and by studying the role of audio in the 
context of, rather than removed from, other sensory experiences of restoration in natural 
environments. 
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Chapter Nine 
 
General Discussion 
 
9.1. Chapter Introduction 
 
Bird sounds and songs matter to people. They are often appreciated for their beauty and 
for the pleasure that they bring, and the perceived psychological benefits that they offer 
in times of stress and fatigue. In so demonstrating, this body of work has explored 
relationships between bird sounds, perceptions of restoration and restorative potential, 
and restorative outcomes following stress tasks. It has shown that, in general, bird 
sounds are perceived to be pleasant, relaxing, and restorative, but that these perceptions 
can vary between species. These variations may be a product of differences in acoustic 
and aesthetic properties, such as their sound intensity and smoothness as well as levels 
of complexity, pattern, and familiarity – as well as the associations that individuals 
make between bird sounds and different types of meaning, such as positive memories, 
symbolic or stereotypical values, and indications of threatening bird behaviour. This 
chapter provides an overview of the research conducted in this thesis and its 
implications and value for the study of restoration in nature. Methodological limitations 
are also outlined, along with avenues for future research and implications for 
conservation practice, policy, and sound design. 
 
9.2. Aims and Novel Findings of the Thesis 
 
The work contained in this thesis aimed to examine whether bird sounds on their own 
could be perceived and experienced as restorative in times of stress and fatigue, and 
moreover to understand how and why. Through five empirical chapters, this thesis has 
built on existing knowledge of restoration in nature by qualitatively exploring 
perceptions of bird sounds as not just pleasant or relaxing, but also restorative; by 
examining predictive relationships between acoustic and aesthetic properties and 
restorative perceptions of bird sounds; by studying whether manipulating types of 
meaning associated with bird sounds altered such perceptions and appraisals; and finally 
by studying whether listening to bird sounds produced not just restorative perceptions 
but restorative outcomes, in comparison to traffic sounds which are known to be less 
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restorative than natural soundscapes (Alvarsson et al., 2010; Benfield et al., 2014; 
Medvedev et al., 2015). 
 
In the course of these studies a number of novel findings have been generated. It was 
shown that individuals generally perceive bird sounds to be restorative, but that these 
perceptions vary between different types of sounds in accordance with certain acoustic 
and aesthetic properties. Furthermore, the qualitative work presented in this thesis 
demonstrates that bird sounds are associated with different types of meanings that may 
also relate to perceptions of their restorative potential. In particular, listening to a single 
bird sound enabled many participants to imagine detailed and varied environments and 
to revisit familiar places in their mind’s eye. While bird sounds on their own may be 
perceived to be restorative, the final study in this thesis revealed inconclusive results 
regarding the effects of bird sounds on restorative outcomes. These outcomes may be 
limited to change in affect rather than cognition or physiological arousal, which may 
indicate that holistic experience afforded by multisensory experience is important for 
restoration beyond affective change. Equally, methodological limitations may have 
obscured additional effects on cognition and arousal. 
 
9.3. Research Implications 
 
The research conducted in this thesis has a number of implications for research in the 
field of restorative environments, including theoretical approaches, understanding of the 
properties that inform restorative perceptions, and the role of generalising from sounds 
to wider environments. These implications are discussed further below. 
 
9.3.1. Relevance of the findings for theories of restorative environments 
The literature review conducted earlier in this thesis highlighted the relative lack of 
study of how sounds can be perceived as restorative, and how they can facilitate 
restorative outcomes. While recent studies (e.g. Kjellgren & Buhrkall, 2010; Alvarsson 
et al., 2010; Jahncke et al., 2011; Payne, 2013; Annerstedt et al., 2013; Benfield et al., 
2014; Emfield & Neider, 2014; Jahncke et al., 2015; Medvedev et al., 2015; and Shaw 
et al., 2015) have made a case for greater inclusion of sounds and soundscapes in the 
field of restorative environments, the majority of literature on environmental restoration 
remains focused on visuo-spatial experience. In addition, there is still limited 
understanding of what it is about certain natural environments, soundscapes, and natural 
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stimuli that can encourage restoration. The five empirical chapters in this thesis add to 
this new strand of research on restorative environments by showing that individual bird 
sounds can be perceived as restorative, and this may be due to their acoustic, aesthetic, 
and associative properties. 
 
In exploring the potential mechanisms underpinning relationships between bird sounds 
and restorative perceptions, links with concepts from stress recovery theory (SRT; 
Ulrich, 1983; Ulrich et al., 1991) and attention restoration theory (ART; Kaplan & 
Kaplan, 1989; Kaplan, 1995) have been identified in this thesis, giving theoretical 
context to the idea that specific sounds can be of restorative value. The positive valence 
and low levels of arousal generally linked to bird sounds in the form of affective 
appraisals, as expressed in Study 1, point to potential relationships with SRT. The 
affective-led approach of this theory posits that such appraisals in response to 
unthreatening nature can lower arousal levels following stress, leading to improved 
affective and cognitive outcomes (Ulrich, 1983). Given that many of the birds discussed 
in Study 1 elicited perceptions of positive valence and low arousal, and were linked to 
other positive appraisals such as serenity and beauty, perceptions of their restorative 
value may be explained by affective appraisals in a similar way to non-threatening 
wider natural environments as proposed by Ulrich (1983). Bird sounds discussed in 
Study 1 were also linked to parallels of certain concepts presented in ART (Kaplan & 
Kaplan, 1989; Kaplan, 1995), most notably fascination and being away. For example, 
bird sounds were perceived to offer an effortless source of distraction, and a way of 
escaping everyday concerns. This suggests that in addition to being potentially 
affectively restorative, bird sounds may offer a source of cognitive restoration through 
mechanisms similar to those proposed in ART.  
 
Ulrich (1983, p. 86) explains that the focus of SRT is visuo-spatial due to the “virtually 
nonexistent” empirical evidence regarding restorative auditory experiences of nature in 
the 1980s. While ART is not proposed in terms of any particular sensory modality, the 
development of its key concepts are rooted in visual perception and examples such as 
watching sunsets or the movement of leaves (Kaplan & Kaplan, 1989; Kaplan, 1995). In 
the three decades since, there is still little evidence of how and why, rather than if, 
natural sounds are perceived or experienced as restorative. In general, positive 
appraisals of sounds, their acoustic properties, and their ability to generate restorative 
outcomes remain understudied (McDermott, 2011), which contrasts with recent interest 
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in visual perceptual properties such as fractality and their relationships with restorative 
potential (e.g. Joye, 2006, Taylor, 2006, Hagerhall et al., 2008). In exploring 
relationships between acoustics and restorative perceptions, this thesis advances study 
of restoration in nature by focusing on a non-visual sensory modality and on the 
mechanisms through which it offers restorative potential. 
 
9.3.2. Some, but not all, bird sounds are perceived as restorative 
Qualitative findings from Study 1 indicated that bird sounds were, in most cases, 
perceived as helpful during restoration following imagined stress and cognitive fatigue. 
In addition, they were also positively affectively appraised; that is, they were perceived 
as pleasant sounds that generated a low state of arousal. These findings support existing 
literature that reveals the desirability and perceived restorativeness of natural sounds 
(e.g. Kjellgren & Buhrkall, 2010; Björk et al., 2008; Payne, 2013; Jahncke et al., 2015; 
Medvedev et al., 2015; Shaw et al., 2015) and extend this by demonstrating that such 
perceptions can also be applied to a single type of sound drawn from the natural 
soundscape: birds. Notably, birds were more frequently mentioned than any other type 
of sound discussed in Study 1, emphasising their importance to participants in 
restorative perceptions of nature. This aligns with the recurrence of bird sounds in 
empirical restorative environments literature – birds are often mentioned in studies that 
utilise audio-visual media of natural environments (e.g. Laumann et al., 2003; 
Alvarsson et al., 2010; Jahncke et al., 2011; Annerstedt et al., 2013; Benfield et al., 
2014) – but the specific roles of the birds and their sounds in restoration has been 
largely neglected. The finding that birds appear to matter very much to individuals in 
restorative settings may encourage greater empirical focus on not just the presence 
versus absence of natural sounds, but also the types of sounds that are present. 
 
It is notable within this thesis that many, but not all, bird sounds were perceived to be 
helpful for restoration. This was identified in Study 1 and expanded on in Studies 2A 
and 2B, particularly via the argument that specific acoustic and aesthetic properties of 
bird sounds can influence perceptions of how restorative they are perceived to be. This 
finding is particularly significant given that there is a lack of specificity in existing 
restoration studies that describe the audio soundscape as containing birdsong; the 
studies in this thesis indicate that certain bird species, such as those with rough, intense 
or loud, and simple calls, and those with negative associative values, were perceived as 
less restorative than those with smooth, quiet, complex, and familiar calls. Extrapolating 
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from these findings, it is possible that the type of bird sounds heard may influence 
restoration in audio-visual settings if a range of bird sounds are audible. 
 
9.3.3. Restorative perceptions of bird sounds are related to acoustics and aesthetics  
As McDermott (2011) notes, there is still very little research on how certain acoustic 
properties relate to positive perceptions of sounds rather than perceptions of 
unpleasantness or annoyance, and this thesis takes steps to address this imbalance by 
framing judgments in terms of positive perceptions of bird sounds. This builds on work 
conducted by Björk (1985) and Kumar et al. (2008) on relationships between acoustic 
properties of natural sounds and affective appraisals, and extends them through 
application to restorative perceptions as well. Aesthetic judgments such as familiarity of 
a bird sound, its complexity, and its level of pattern were significant predictors of how 
restorative it was perceived to be. These echo certain findings of relationships between 
restorativeness and visual aesthetic properties, such as scene complexity and coherence 
(Ulrich, 1983; Kaplan & Kaplan, 1989), and extend them by demonstrating that such 
relationships also exist in the auditory domain. The novel finding that acoustic factors 
such as how intense or loud a bird sound is, as well as how smooth it sounds, can 
significantly predict ratings of its restorative potential also demonstrates that 
relationships between perceptual properties of nature and restoration are not limited to 
the visual domain.  
 
9.3.4. Restorative perceptions of bird sounds are related to associations 
One area in which this thesis has provided particularly novel findings is the relationship 
between restorative perceptions of and semantic associations with bird sounds; that is, 
what the sounds mean to individuals in terms of the bird’s (threatening or non-
threatening) behaviour, personal memories elicited by listening, and cultural or 
symbolic associations with the bird sound. SRT (Ulrich, 1983; Ulrich et al., 1991), and 
to a certain extent ART (Kaplan & Kaplan, 1989; Kaplan, 1995), approach the meaning 
behind natural environments from a generic standpoint regarding psycho-evolutionary 
value and the presence or absence of threat, but the research presented in Studies 1 and 
2B demonstrates that individuals associate specific elements in nature, such as bird 
sounds, with a range of meanings far wider than this. Some bird sounds were associated 
with threatening behaviour, and yet others associated with symbols, stereotypes, 
memories, and imagined environments, both positive and negative. These associations 
were differently related to birds rated as more or less helpful for restoration, with 
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negative associations featuring more heavily amongst these less helpful bird sounds. 
These negative associations were frequently interlinked with the way the bird sounded, 
suggesting that certain acoustic properties may be signifiers of threatening behaviour 
that was not perceived to be helpful for restoration.  
 
In many cases these associations were rooted in culture-specific stereotypes, 
superstitions, and associations, emphasising that interpretation of natural environments 
may not be reducible to a psycho-evolutionary explanation that fits all individuals. And 
more specifically still, bird sounds appeared to be interpreted in the context of personal 
experiences and responses to them constructed via existing attitudes and memories, as 
well as the perceptual properties of acoustics and aesthetics discussed above. For 
example, in Studies 1 and 2B individuals discussed memories of childhood and family 
generated by hearing particular bird sounds, and related this to states of positive affect 
and relaxation. This approach, incorporating a person-centred approach to restorative 
environments, is to date missing in much research in this field. Researchers such as 
Jules Pretty (2004) and indeed Roger Ulrich (1983) have previously suggested that there 
is value in researching restoration not only in generic environments but also those to 
which individuals have a personal connection, and this thesis supports this case by 
showing that associations gained via prior exposure or knowledge are important in 
restorative perceptions of bird sounds. As yet, research on relationships between 
associations or memories and restoration is limited to study of favourite places (e.g. 
Korpela, 1989; Korpela & Hartig, 1996), and the findings in this thesis emphasise that 
further research on the role of such associations in restorative experiences of nature is 
needed. 
 
The role of meaning in perceptions of bird sounds as restorative was examined not just 
from correlational and qualitative perspectives, but also from a quantitative and 
experimental one. Study 3 found that manipulating meanings associated with bird 
sounds influenced ratings of their perceived restorative potential and affective 
appraisals. This aligns with findings on negative relationships between restoration and 
associations with threatening environments (e.g. Herzog & Rector, 2009; Gatersleben & 
Andrews, 2010; Andrews & Gatersleben, 2013), and extends them by showing that 
specific sounds relating to birds can also result in variable restorative perceptions as a 
result of associations with threat. Certain birds such as magpies and crows have 
reputations for behaving aggressively, as noted by participants in Study 1. The 
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observation that altering a bird sound’s meaning through narrative can change how the 
sound is regarded may be useful for conservation practitioners; for example, in altering 
attitudes amongst the public towards certain birds and, perhaps, other aspects of the 
natural world. This is particularly relevant given the use of storytelling and narratives in 
conservation practice as a way of engaging local communities with their environments 
(S. J. Chimbwandira & A. Jamieson, personal correspondence, April 28, 2014). 
 
9.3.5. Bird sounds symbolise concepts and environments 
Both ART (Kaplan & Kaplan, 1989; Kaplan, 1995) and SRT (Ulrich, 1983; Ulrich et 
al., 1991) are constructed not only from a visual perspective but also a spatial one; that 
is, they stem primarily from visual evaluations of environments, rather than specific 
stimuli within them. While there is evidence available that aspects of nature such as 
soundscapes can be perceived and experienced as restorative (Alvarsson et al., 2010; 
Payne, 2013; Benfield et al., 2014; Jahncke et al., 2015; Medvedev et al., 2015), and 
this thesis has shown that specific sounds in nature in isolation can also be perceived as 
restorative, there is still a relative lack of evidence of the symbolic value of natural 
stimuli such as sounds and their ability to generate associations with wider 
environments. This is an area in which this thesis makes a particularly novel 
contribution. 
 
This is exemplified in the findings of Study 2B and the qualitative section of Study 4, in 
which single sounds generated associations with entire environments that possessed 
depth, flora and fauna, and time and seasonal attributes. These participants used bird 
sounds as a catalyst to develop natural environments in their imagination, echoing 
findings by Shaw et al. (2015) that visually impaired individuals used non-visual 
sensory experiences as a way of constructing restorative outdoor environments in their 
minds, and extending such findings by demonstrating that individuals without visual 
impairments can respond to sounds in similar ways in order to generate an imaginary, 
holistic, multi-sensory environment on the basis of a single sensory stimulus. 
 
The findings presented here are congruent with literature from ethnology and sociology 
that asserts the symbolic and associative value of birds and their sounds in representing 
environments, concepts, and life events (e.g. Mynott, 2009; N’gweno, 2010; Cocker, 
2013) and implicates these representations in construction of restorative perceptions. In 
so doing, this thesis links environmental psychology with literature on environmental 
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experience drawn from other areas of the social sciences. Natural sounds like birds offer 
individuals a stimulus with which to imagine their own potentially restorative (or non-
restorative) environment, and this finding suggests that, along with the role of memory 
in restorative environments (cf. Pretty, 2004), imagination may offer potentially 
exciting avenues of future research in the field. 
 
9.3.6. Perceptions of restorative environments can be actively constructed 
In highlighting the potential role of imagination, memory, and other such associations in 
restoration, the findings in this thesis also emphasise that restorative perceptions of 
nature, including bird sounds, may be actively constructed by individuals based on their 
experiences, be they past, present, or in the imagined future. As highlighted in Studies 
1, 2B, and 4, the participants who contributed to this body of research responded to 
environmental sounds in the context of their own knowledge and assumptions as well as 
making responses based on perceptual input, such as the bird sounds’ acoustic and 
aesthetic properties. 
 
Existing study of restorative environments has traditionally focused on the potential 
bottom-up mechanisms through which restoration may occur – for example, via 
processes such as Fascination as described in ART (Kaplan & Kaplan, 1989; Kaplan, 
1995) – yet the findings presented here demonstrate that top-down processing may also 
be implicated. A clear example of this is the number of responses in Study 2B where 
participants mistook the sound of one bird species for another, and responded to it based 
on the associations that they had with the bird that they thought it was. In addition, 
throughout the studies presented here some participants have expressed close 
relationships with birds, treating them as friends or companions with whom interactive 
relationships are possible. Echoing the assertion by Payne (2008) that restorative 
soundscapes can be experienced in a top-down, actively constructed manner, this thesis 
argues that individuals do not merely respond to bird sounds in a passive manner – 
rather, that they interpret and construct their experiences of them based on knowledge 
and expectations, with resultant influences on restorative perceptions.  
 
9.3.7. Restorative outcomes in response to bird sounds 
The majority of this thesis has focused on restorative perceptions of bird sounds; that is, 
how helpful individuals regarded the sounds to be when seeking recovery from stress 
and cognitive fatigue. This echoes much literature in the field of restorative 
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environments on perceptions of non-visual experience and of soundscapes as restorative 
(e.g. Kjellgren & Buhrkall, 2010; Payne, 2013; Shaw et al. 2015; Jahncke et al., 2015), 
and adapts them to focus on a specific type of natural stimulus. However, the final study 
presented in this work examined whether those perceptions could translate to subjective 
and objective restorative outcomes in response to bird sounds versus another single type 
of urban soundscape stimulus (traffic). The study showed that while bird sounds aided 
the recovery of self-reported affect following stress, changes in cognitive performance 
and physiological arousal were not significantly different when participants experienced 
birdsong versus traffic sounds. Bird sounds are perceived to be restorative but the 
measurable restorative outcomes associated with such sounds as used in this body of 
work may be limited to change in negative affect. This may be due to methodological 
limitations that could have obscured effects that would otherwise have been observed, 
and these are discussed in section 9.4. Equally, it may be that a holistic environmental 
experience, including multi-sensory stimulation, is better able to generate significant 
changes on cognitive and psychophysiological measures. 
 
9.4. Research Limitations 
 
9.4.1. Studying sounds as isolated from wider soundscapes 
This thesis focused on perceptions of bird sounds. This is in contrast to existing studies 
of restorative perceptions of and outcomes in response to natural sounds and 
soundscapes, which have utilised birdsong in the context of wind, water, and other 
ambient sounds (e.g. Alvarsson et al., 2010; Payne, 2013; Annerstedt et al., 2013; 
Benfield et al., 2014; Emfield & Neider, 2014; Medvedev et al., 2015). In so doing this 
thesis was able to unpick reasons why bird sounds recur so often in restorative natural 
soundscapes and are widely reported to be psychologically beneficial. The isolation of 
these sounds from their soundscapes enabled evaluation of the contributions of their 
specific acoustic, aesthetic, and associative properties to restorative perceptions, which 
would not have been possible if these bird sounds were presented in the context of a 
soundscape. 
 
This systematic approach has shed light on the perceptual and semantic properties that 
inform how beneficial individuals perceive them to be in times of stress and fatigue. 
However, in so doing it is acknowledged that a certain level of ecological validity has 
been sacrificed; bird sounds are rarely heard in isolation from other birds or other 
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acoustic elements, and as Hedblom et al. (2014) observe, a combination of bird sounds 
can be regarded as more desirable than a single bird sound. Additionally, researchers 
such as Pheasant et al. (2010), Jahncke et al. (2011), Annerstedt et al. (2013), and 
Jahncke et al. (2015) have reported that combined audio-visual environmental exposure 
to nature can be more valuable for restorative perceptions and outcomes than either 
sensory modality alone. There is also a discrepancy between hearing birds via recording 
and hearing birds in outdoor settings, as pointed out by a participant in Study 2B, and 
this artificiality may affect how the sounds are perceived. 
 
This thesis does not seek to promote a purely reductionist approach to restorative 
environments, which are undoubtedly experienced in a holistic and multi-sensory 
manner much of the time. However, it does argue that examination of sounds, and 
specifically individual sounds like those of birds, can enhance understanding of the 
mechanisms through which restorative perceptions occur, and that these stimuli may 
link back to wider environments (be they auditory or visuo-spatial) through strength of 
associations and symbolism. This approach is particularly valuable given that studying 
restorative environments purely through a visuo-spatial lens excludes the experiences of 
individuals who do not experience them through sight (cf. Shaw et al., 2015). By 
studying the contributions of different sensory modalities to restoration, the field of 
restorative environments may better be able to represent the environmental experiences 
of a broader range of populations. 
 
9.4.2. Measures of restorative perceptions 
In Studies 2A and 3, perceptions of bird sounds as restorative were measured using 
single-item scales of perceived restorative potential (PRP) in response to a vignette 
requiring participants to imagine a state of stress and cognitive fatigue, as well as 
single-item scales of affective appraisals and, in the case of Study 2A, of cognitive 
appraisals pertaining to ART. Given the large number of bird sounds included in Study 
2A in particular, use of longer measures of perceived restorative potential such as the 
Perceived Restorativeness Soundscape Scale (PRSS; Payne, 2013), or longer measures 
of affective responses, was not viable given the number of responses participants would 
have had to make. As such, these studies prioritised inclusion of a wide range of bird 
sounds at the cost of longer and potentially more reliable measures of restorative 
perceptions. Since the aims of these studies were to assess the contributions of 
acoustics, aesthetics and associations to restorative perceptions, and this necessitated 
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use of a wide range of stimuli, this trade-off was considered appropriate. It is also 
notable that the PRSS focuses on acoustic environments rather than specific acoustic 
stimuli, and as such it was not judged as appropriate for measuring restorative 
perceptions in this case regardless of its length. Similarly, when measuring cognitive 
appraisals in Study 2B, only two single-item measures relevant to factors from ART 
(Kaplan & Kaplan, 1989; Kaplan, 1995) were included – that is, measures of fascination 
and being away. These were key concepts that arose in Study 1, while other factors in 
ART relied too heavily on visuo-spatial characteristics (e.g. scope, coherence) or on 
individual differences (compatibility) to be feasibly measured in Study 2B. 
 
These choices reflect the relative novelty of the work in this thesis in exploring 
restorative perceptions of a single type of acoustic stimulus isolated from visual 
environmental context. The single-item measures used also enabled efficient data 
collection without exhausting participant responses, but it is acknowledged that single-
item scales as dependent variables should be interpreted cautiously due to a lack of 
reliability. In the case of Study 3, the measure of activation was framed in terms of 
valence due to the need to enhance interpretability of the item in its survey context. 
Future research could address this issue by using longer measures of restorative 
potential, such as a version of the PRSS that has been adapted for use with specific 
sounds as opposed to soundscapes, as well as consistent use of non-verbal measures of 
affective appraisals such as the Self Assessment Manikin (SAM; Bradley & Lang, 
1994) that could enable more accurate measurements of valence and arousal.  
 
9.4.3. Measures of cognitive restorative outcomes 
As discussed in Chapter Eight, the measures of cognitive restoration utilised in Study 4 
are rooted in visual perception; for example, the Necker Cube Pattern Control Task 
(NCPCT) and the Posner attention paradigm, as well as the stress tasks used in that 
study, all rely on visual perception, processing, and response as well as cognitive 
performance. Given that the majority of restorative environments literature has focused 
on visual or audio-visual experience, it is possible that the types of tasks used here to 
measure cognitive performance are more suitable for the studies of visual environmental 
experience from which they were drawn. Future research on the effects of natural 
sounds, including birds, on cognitive restoration may benefit from use of measures that 
are more appropriate to the auditory dimension that is being researched; for example, 
use of an auditory selective attention paradigm. 
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The issue of choice of measures used in assessing cognitive restoration also reflects the 
diversity of measures in use in existing literature, with studies using a range tasks such 
as the NCPCT (e.g. Hartig et al., 2003), Backwards Digit Span Task (BDST; Berman et 
al., 2008; Emfield & Neider, 2014), Attention Network Task (ANT; Berman et al., 
2008; Emfield & Neider, 2014), Sustained Attention To Response Task (SART; Berto, 
2005), and Posner paradigms (Laumann et al., 2003). Given that these tasks tap 
different processes such as pattern inhibition, working memory, executive function, 
vigilance, and selective attention, the literature on cognitive restorative outcomes is not 
specific to one type of process. It remains unclear which cognitive resources – be it 
working memory or attention, and if the latter what type – are being restored through 
exposure to natural environments, and this necessitates research that examines which 
tasks demonstrate restorative outcomes and which do not under the same conditions. 
Such understanding would clarify choices of measure regarding cognitive restoration 
for future researchers. 
 
9.5. Avenues of Future Research 
 
The body of work presented here focused exclusively on bird sounds and restorative 
value. Across these studies, several topics arose that would be highly informative for 
restorative environments research but were beyond the scope of this thesis. These are 
discussed below. 
 
9.5.1. Semantic associations in restorative environments at large 
As noted in section 9.3.4, the personal, cultural, and instrumental meanings associated 
with bird sounds as described in Studies 1, 2B, 3, and 4 emerged as particularly 
important in restorative perceptions of these sounds. Extending this work by 
considering associations with natural stimuli in general would make study in the area of 
restorative environments more relevant to individuals, rather than proposing that 
restoration is experienced in broadly the same way for everyone. Memories and 
associations are important in restorative environmental experience (Ulrich, 1983; Pretty, 
2004) and one research area that offers exciting opportunities for nuanced study of 
personal experiences is that of favourite places. The work of Kalevi Korpela and 
colleagues has shown that favourite places, special to individuals, can generate 
restorative benefits and that this may be a product of the memories and associations that 
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are generated with such places (e.g. Korpela, 1989; Korpela & Hartig, 1996). Favourite 
places may be built or natural, and so their ability to facilitate restoration is not 
necessarily limited to psycho-evolutionary explanations regarding threats, or lack 
thereof, in nature. In demonstrating the role of associations in restorative perceptions, 
this research identifies the need to engage with other areas of environmental psychology 
research that draw on personal connections to place, such as favourite places and place 
attachment – as well as connection to nature, as discussed in section 9.5.4. 
 
9.5.2. Connecting acoustics with meaning 
In Studies 1 and 2B, it was shown that participants associated birds that made loud or 
intense and rough sounds with aggressive behaviour and threats, and as such these 
sounds were not perceived to be particularly restorative. The literature reviewed in 
Chapter Four shows theoretical associations between such acoustic properties, large 
body size, and dominant or aggressive behaviour (e.g. Tsai et al., 2010), and Study 2 
demonstrated quantitative relationships between such acoustic properties and reduced 
restorative perceptions, but in the context of bird sounds and restoration the specific, 
mediating role of perceptions of threat remains untested. An experimental paradigm that 
tests the effects of manipulating roughness and sound intensity on perceptions of threat 
and restorative potential would serve as a causal demonstration of these proposed 
relationships. 
 
9.5.3. Sensory experiences beyond sounds 
As Kjellgren and Buhrkall (2010) and Shaw et al. (2015) report, it is not just sounds that 
are important in restorative environmental experience but also the other sensory 
modalities. Recent research has raised interest in restoration through sounds but other 
sensory dimensions remain in need of further study, with qualitative work indicating 
that smelling and touching nature can contribute to restorative perceptions (e.g. 
Kjellgren & Buhrkall, 2010; Shaw et al., 2015). As restoration researchers continue to 
broaden their study beyond what we see in nature, the cognitive and affective benefits 
of different sensory experiences of nature would be a very exciting line of enquiry 
indeed. Indeed, Stigsdotter and Grahn (2002) comment on the value of multi-sensory 
experience of healing gardens, designed to improve wellbeing, and wider 
acknowledgement of such experience in the context of nature restoration would be 
timely – for example, through research designs and measurement that study the relative 
contributions of touch and smell to restorative experiences.  
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9.5.4. Connectedness to nature 
An area that was highlighted in Study 1, but was beyond the scope of the subsequent 
studies, was the potential role of individual differences in the form of connectedness to 
nature. One participant in this study indicated that she did not feel particularly 
connected to nature and therefore would not feel restored by bird sounds. This indicates 
that bird sounds may generally be perceived as restorative, but just as this may not 
apply to all bird sounds so too may it not be applicable to all individuals. Relatively 
little research has sought to understand the extent to which restorative perceptions and 
outcomes might be a product of existing connection to or affinity with nature, with 
some exceptions (e.g. Mayer et al., 2008). Future research may wish to incorporate 
measures of connectedness to nature in order to more fully develop understanding of 
how individual differences can influence restorative perceptions and outcomes in 
response to bird sounds and other natural stimuli. 
 
9.5.5. Relationships with animals 
The qualitative findings in Studies 1 and 2B indicated that, for some participants, 
perceptions of bird sounds as restorative were strongly related to their relationships with 
the birds. Certain birds were described as friends or as familiar to the listener, with 
participants taking an interest in the birds and the birds seemingly offering reciprocal 
interest and company. There is as yet relatively little study on the contributions of 
animals to restorative experiences beyond negative associations with threat and danger 
(e.g. Bixler & Floyd, 1997) or as incidental components of a natural environment that 
are not studied in their own right, yet animals are often referred to as sources of pleasure 
and stress reduction, and are included in therapy pet interventions (Friedmann, 1995; 
Hooker, Holbrook Freeman, & Stewart, 2002; Stigsdotter & Grahn, 2011). Furthermore, 
it appeared important to some participants in the studies presented here that one could 
interact with the birds, not just by listening but also by feeding and observing them, and 
spending time with them in outdoor settings. Relationships with non-avian fauna in 
natural environments and their contributions to restorative experiences deserve further 
study. Animals can be desirable elements in natural spaces (cf. Björk et al., 2008), and 
the positive aspects of these inhabitants of nature may reveal as yet unexplored 
restorative opportunities. 
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9.5.6. Cultural differences and expertise 
The five studies presented here focused on the experiences of residents of the United 
Kingdom, and their responses to native birds as well as more exotic-sounding birds 
from Australia. A positive relationship between perceived familiarity of the bird sounds 
and perceptions of restorative potential was observed in Study 2A, and it would be 
interesting to study whether a sample of Australian residents would respond in an 
inverse manner using the sound stimuli employed here; that is, would they find 
Australian bird sounds more restorative because of their relative familiarity?  
 
Participants in Study 2B who indicated stereotypical meanings associated with bird 
sounds often described these as specific to a culture. While the research here only 
pertained to residents of the United Kingdom, it would be a good test of its 
generalisability to research whether other cultures also perceive these bird sounds to be 
restorative and how this might relate to acoustics, aesthetics, and associations for them 
too. In particular, the literature reviewed earlier in this thesis showed that Aboriginal 
Australian stories are rich in symbolism and associations related to birds and their 
sounds (Tidemann & Whiteside, 2010). It may be that such populations who find birds 
particularly culturally salient have differing perceptions of their restorative value, and 
perhaps even restorative outcomes. Similarly, study of such effects amongst bird 
experts, rather than participants drawn from the general public as in this work, would 
enable contrasts in perceptions of restorative value amongst those who particularly like 
birds versus those who may have a more neutral opinion. 
 
9.6. Research Applications 
 
In addition to its research implications this thesis may also inform the practical and 
policy work of conservation professionals, as well individuals seeking to improve 
perceptions of and experiences in built spaces through sound design. These implications 
and applications are discussed below. 
 
9.6.1. Bird sounds and conservation practice 
Research detailing the psychological benefits of nature has been used by 
conservationists in order to promote engagement with the outdoors (e.g. RSPB, 2007). 
Given the relative lack of research on restorative soundscapes and, particularly, 
restorative bird sounds, there has been little evidence which such organisations can 
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draw upon in order to frame bird sounds as potentially beneficial aspects of the natural 
world. Such assertions have, to date, been made in terms of anecdotal evidence (e.g. 
Meikle, 2010). Yet the British public possesses an insatiable desire to learn about birds; 
our bookshops are filled with non-fiction about both watching and listening to birds, 
identifying their calls, befriending them and bonding with them (e.g. Mynott, 2009; 
Barnes, 2011; Cocker, 2013). 
 
The research in this thesis demonstrates not just that the British generally like birds, but 
also that many of their sounds are perceived to be restorative and that they can help to 
alleviate negative affect. This provides conservation organisations with evidence to 
promote listening to birds as a psychologically beneficial motivation for getting 
outdoors. Furthermore, the emphasis on the importance of associations with bird sounds 
described in Studies 1 and 2B connects with concepts of storytelling as a tool for 
engaging the public with local flora and fauna; for example, places and animals that 
have positive memories associated with childhood, family, or positive times in one’s 
life.  If individuals are able to convey what flora and fauna mean to them in terms of 
memories, associations, and symbolism, this can enable conservationists to better 
communicate with audiences in personally relevant terms. 
 
9.6.2. Bird sounds and conservation policy 
In providing empirical evidence of the perceived and measured psychological benefits 
of listening to birds, this thesis also has implications for conservation policy in relation 
to planning and development, and for broader work on national wellbeing. At the time 
of writing the United Kingdom is experiencing a surge in demand for housing, with 
resultant pressure on both green belt and city brownfield sites to meet the need for 
250,000 new homes per year in England alone (KPMG & Shelter, 2014). While these 
sites may offer space for new housing through green belt reviews and land swaps, they 
are also home to avifauna that would be displaced during development. This presents a 
conflict between developers and conservationists, and it is hoped that this work will 
support conservation policy by showing that birds and their sounds, which may be lost 
during development, have impacts on how individuals feel and, potentially, their quality 
of life as residents in such areas of development (P. Brash, personal correspondence, 10 
July, 2015). 
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Consideration of residential quality of life also provides an opportunity for this research 
to connect with broader work on wellbeing policy. Research by the Office for National 
Statistics (ONS) identifies access to green space as an important factor in subjective 
wellbeing (ONS, 2012) but as discussed earlier in this thesis, the natural world has more 
than simply greenery to offer. Birds and their sounds can offer individuals a sense of 
happiness and relaxation, and moreover a feeling that “life’s quite good really” (Curtin, 
2009, p. 469). In generating these positive affective states and perceptions of life 
satisfaction, access to bird sounds and songs may act as an additional indicator or 
predictor of wellbeing beyond mere proximity to green space, and should be taken into 
account by those working on wellbeing measurement (P. Brash, personal 
correspondence, 10 July, 2015; A. Jamieson, personal correspondence, 13 July, 2015).  
 
9.6.3. Birdsong installations in the built environment 
Quite aside from bird sounds as an aspect of nature to be enjoyed outside, there has 
been a recent trend for the introduction of bird sounds indoors in the form of acoustic 
installations. Such installations have been used with the aim of improving public 
perceptions of indoor spaces, particularly in large commercial or service-oriented areas 
such as airports (e.g. Milton, 2013). Publicly available research on the effects of such 
installations is lacking and, in the case of commercial spaces, evaluations are often 
framed in terms of effects on retail spending, but designers involved in such projects 
have observed that they have generally been positively perceived by the public (Milton, 
2013). 
 
The research in this thesis offers a useful perspective to sound designers who might 
wish to improve how people feel in stressful environments through use of bird sounds. 
Bird sounds in general were perceived as pleasant, relaxing, and restorative, but as some 
participants in Study 2B observed, hearing a bird sound via a recording or in a built 
setting was not judged to be the same experience as hearing it in the outdoors, and can 
potentially be unpleasant. Designers should therefore be cautious in juxtaposing bird 
sounds with incongruent built environments, as not all reactions may be positive. By 
isolating these sounds from their usual context this thesis argues that a major aspect of 
bird sounds’ perceived psychological value is their associations with wider natural 
environments. While these sounds may have symbolic value in their own right, their 
appeal ultimately appears related to the holistic experience of nature that people 
remember and imagine when they listen to birds singing. 
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Chapter Ten 
 
Conclusions 
 
This thesis takes its inspiration from the high value placed on birds and their songs and 
sounds in the public imagination. In daily discourse and in the arts and humanities, 
birdsong features heavily as a symbol of happiness and beauty (Mynott, 2009). Despite 
this, the contributions of these sounds to restorative experiences in nature has, to date, 
been limited to studies that assess restorative soundscapes, although birds recur as an 
integral part of such environments (e.g. Alvarsson et al., 2010; Payne, 2013; Annerstedt 
et al., 2013; Benfield et al., 2014; Emfield & Neider, 2014; Jahncke et al., 2015; 
Medvedev et al., 2015). Nevertheless, birds are anecdotally reported as sounds that can 
lift low spirits and reduce stress (e.g. Meikle, 2010). 
 
The work in this thesis isolated bird sounds from their wider context in order to show 
that individuals do indeed perceive some bird sounds as particularly helpful for 
restoration following stress and fatigue, and these sounds can generate affective 
restorative outcomes, but equally some bird sounds are perceived as less restorative or 
even unhelpful for restoration. It also shows that variations in these perceptions can be 
attributed to perceptual properties of bird sounds such as acoustics and aesthetics as 
well as the associations that individuals make with these sounds about their meanings 
and their ability to symbolise wider natural environments. Restorative environments 
literature should not consider birds and other animals a mere byproduct of 
environmental experience but a key element that individuals engage with, interpret, and 
build on according to their perceptual and semantic properties, with resulting effects on 
subjective and objective experiences of psychological restoration. 
 
These findings show the importance of considering the value of auditory aspects of 
nature in the study of restorative environments, and moreover the value of specific 
sounds. They also show the value of personal meanings in restorative perceptions, a 
topic worthy of further study, particularly through links with topics such as favourite 
places, place attachment, and connectedness to nature. Outdoor soundscapes are 
characterised by birdsong, both in the countryside and in urban green space (Björk et 
al., 2008), and the findings in this thesis indicate that bird sounds perceived as 
restorative also symbolise these outdoor environments themselves. This may point to 
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the importance of holistic experience during restoration; that is, even when individuals 
were presented with isolated sounds, they used these sounds to construct detailed 
imagined environments from limited sensory input. 
 
In this way, the focus of this thesis has come full circle – narrowing down from natural 
environments to a specific type of sound within them, and revealing that individuals can 
use such sounds to build back up to a mental picture of the environment it might have 
been a part of. The mixed methods approach taken in this work, which comprises both 
qualitative and quantitative techniques, has been an important tool in informing this 
understanding of not just if, but how, bird sounds can be perceived and experienced as 
restorative. It has allowed the telling of stories regarding the associative value of bird 
sounds, as well as demonstrating quantitative relationships between acoustics, 
aesthetics, and restorative perceptions. It is my hope as the researcher that these findings 
will go on to inform future study of how, why, and for whom nature can be so 
psychologically beneficial. 
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Appendix A: 
Materials used in Study 1 
 
Interview Schedule 
 
Main questions or statements by the researcher are given in plain text; prompts that 
were asked only if required are given in italics. 
 
Introduction 
1. First, thank you for very much for agreeing to be interviewed today. The interview 
will last around 30 - 45 minutes. Its purpose is to explore which kinds of 
environment you might like to visit if you feel a certain way or need to do a certain 
task. 
2. During the interview I’m going to ask you a number of questions about places you 
might like or not like to go to, but there are no right or wrong answers – I’m just 
interested in your thoughts and experiences. At times I might ask the same kinds of 
questions from different angles. If you would prefer not to answer a question, that’s 
fine, just let me know. If you would like to take a break at any time, you can let me 
know and we can pause the interview. 
3. I would like to audio record the interview for the purposes of transcription, but your 
name will not be included in the transcription or the final report – only your gender, 
age, and participant number. I’ll also make a few notes during the interview just to 
remind me of points we might want to return to. Are you happy for me to turn the 
audio recorder on now? [If no, researcher to suggest taking notes instead.] 
 
Warm-up 
• I’d be interested to know what your favourite place is. [By ‘favourite place’ I mean 
a place that is important to you, or well-liked by you, or valuable to you 
personally]. Can you tell me a bit about it? 
o What is it like?  
o Why do you like to go there? 
o What kind of things do you do there? 
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ART 
• That’s great, thank you. Now I have a few scenarios that I’d like you to imagine. In 
the first scenario, I’d like you to imagine that you’re exhausted after working hard 
on a task, and you’re finding it hard to concentrate. Where would you go in order to 
restore your ability to concentrate? 
! Would you go to a natural environment? [e.g. a park, garden, forest, 
the beach...] 
• If yes, can you describe it for me? 
o What about that place do you find restorative? 
[Things you can see / hear / smell / touch] 
! Why do you think that is? 
• If no, why is that? 
 
• Are there any natural environments that would make it harder for you to 
concentrate? 
o Can you describe them for me? 
o Why might they make it harder for you to concentrate? 
! Why do you think that is? 
 
SRT 
• In the next scenario I’d like you to imagine that you are stressed and in a negative 
mood, perhaps after having an argument. Where would you go in order to relax? 
! Is there a natural environment that you might go to?  
• If yes, can you describe it for me? 
o What about that place do you find relaxing? [Things you 
can see / hear / smell / touch] 
! Why do you think that is? 
• If no, why is that? 
 
• Are there any natural environments that would increase your level of stress? 
o Can you describe them for me? 
o What about them do you find stressful? [Things you can see / hear / 
smell / touch] 
! Why do you think that is? 
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Closing 
We’re coming up to the end of the interview now. Is there anything else about different 
places, and particularly natural environments, that you would like to talk about? OK, 
that’s great – thank you very much for your time and participation. I’ll turn off the 
recorder now. 
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Appendix B: 
Materials used in Studies 2A and 2B 
 
Questionnaire text and items 
 
Calibration task 
Thank you for your interest in this study. We would like to understand how you feel 
about a set of natural sound clips. On the following pages you will be asked to provide 
some brief background information about yourself. You will then be asked to listen to 
10 sound clips, each lasting ten seconds, and to rate how you feel about them in 
different ways. The study will take no more than 15 minutes to complete. Please start 
the task at a time when you are not likely to be interrupted. 
 
You can listen to the sounds through your computer speakers, earphones, or 
headphones, although we advise use of earphones or headphones where possible. Which 
of these are you using? 
 
• Internal computer speakers 
• External computer speakers 
• Earphones/earbuds 
• Headphones 
 
So that you hear the sounds at the intended volume, we would be grateful if you could 
calibrate your computer’s volume level by following the instructions below. You will 
need a retractable ballpoint pen for this part of the task. If you don’t have one to hand 
right now, please come back to this page another time. 
 
1. Please turn your computer volume down to the lowest level. 
2. Click the Play button below. This will start a 30-second sound clip of a ballpoint 
pen being clicked up and down. 
 
3. Click the ballpoint pen in front of you as though you were going to write with it. 
Gradually raise your computer’s volume until the sound clip and your own 
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ballpoint pen are as loud as each other. You can repeat this as many times as you 
like until you are happy. 
 
Demographics information 
Thank you for agreeing to take part in this study. Before you start, we would be 
interested to know a little about you. Please respond to the questions below, and then 
click ‘next’. If you do not wish to answer a question, please leave it blank and move on 
to the next question. 
 
1. Gender: Male / Female 
2. Age: ........ years 
3. Occupation: 
4. Nationality: 
5. Highest level of education: 
a. Secondary (e.g. GCSEs) 
b. Post-16 (e.g. A levels, Highers) 
c. Undergraduate degree (e.g. BA, BSc) 
d. Postgraduate taught degree (e.g. MA, MSc, PGDip) 
e. Postgraduate research degree (e.g. MRes, PhD) 
f. Professional training (e.g. PGCE, MBA, etc.) 
g. Other (please specify: ...................................) 
6. What country do you live in? ………………. 
7. If you live in the UK, what is the first part of your postcode (e.g. GU2, SW11, 
etc.)? This is collected in order to understand the geographical spread of our 
participants. 
8. Are you currently experiencing any hearing difficulties? Yes / No 
9. Have you visited Australia or New Zealand in the last 12 months? Yes / No 
10. Have you ever lived in Australia or New Zealand? Yes / No 
11. Have you ever had any professional training in music, acoustics, or audiology? 
If yes, please specify how many years: .......... 
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Ratings of aesthetic, affective, and cognitive appraisals, and PRP 
We are interested to know how you feel about 10 short sounds. Please listen to each 
sound and respond to the questions below it. The sound will play continuously while 
you answer the questions. When you have finished answering the questions, you can 
move onto the next page. The task will take about 15 minutes to complete. 
 
1. How familiar or unfamiliar do you find this sound? 
 
Very 
familiar Familiar 
Somewhat 
familiar 
Neither 
familiar nor 
unfamiliar 
Somewhat 
unfamiliar Unfamiliar 
Very 
unfamiliar 
1 2 3 4 5 6 7 
 
2. How complex or simple do you find this sound? 
 
Very 
complex Complex 
Somewhat 
complex 
Neither 
complex 
nor simple 
Somewhat 
simple Simple Very simple 
1 2 3 4 5 6 7 
 
3. How random or patterned do you find this sound? 
 
Very 
random Random 
Somewhat 
random 
Neither 
random nor 
patterned 
Somewhat 
patterned Patterned 
Very 
patterned 
1 2 3 4 5 6 7 
 
       
 
4. We would like you to use the figures in the scales below to tell us how you feel 
in response to this sound. Please select one point on each scale that best 
corresponds to how you feel. If the way you feel falls between two of the 
figures, you can select the point between them to make more finely graded 
ratings. 
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Happy        Unhappy 
 
 
o o o o o o o o o 
 
Aroused        Calm 
 
 
o o o o o o o o o 
 
 
5. How much do you agree with the following statements about this sound? 
 
a. This sound has fascinating qualities. (Fascination) 
Not at all Very little A little Somewhat A fair bit Very much Completely 
0 1 2 3 4 5 6 
 
b. Listening to this sound is an escape experience. (Being Away) 
Not at all Very little A little Somewhat A fair bit Very much Completely 
0 1 2 3 4 5 6 
 
6. We would like you to imagine the following scenario. 
You’ve been working very hard recently. Now, after a long day, you really have had it. 
You have difficulty concentrating and are very irritable. To top it all off, you have had 
an upsetting argument with a friend and are feeling very stressed out about it. You 
decide to visit a natural environment, like a park, garden, or forest. You hear this sound 
in that natural environment. 
To what extent would listening to this sound help you to recover in this scenario? 
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Not at all Very little A little Somewhat A fair bit Very much Completely 
0 1 2 3 4 5 6 
 
7. Does this sound hold any particular memories or associations for you? 
 
a. If yes, please describe them here: ……………………… 
Bird sound stimuli 
 
UK birds 
1 Blue Tit 
2 Woodpigeon 
3 European Robin 
4 Blackbird 
5 Great Tit 
6 Magpie 
7 Dunnock 
8 Collared Dove 
9 Starling 
10 Chaffinch 
11 House Sparrow 
12 Greenfinch 
13 Goldfinch 
14 Carrion Crow 
15 Feral (Common) Pigeon 
16 Coal Tit 
17 Greater spotted woodpecker 
18 Long-tailed Tit 
19 Wren 
20 Jay 
21 Herring Gull 
22 Chicken 
23 Red kite 
24 Tawny Owl 
25 Parakeet 
Australian birds 
1 Australian Magpie 
2 Australian Raven 
3 Superb Fairy-wren 
4 Grey Fantail 
5 Rainbow Lorikeet 
6 Laughing Kookaburra 
7 Noisy Miner 
8 Pied Currawong 
9 Yellow-faced Honeyeater 
10 Eastern Spinebill 
11 Magpie-lark 
12 Willie Wagtail 
13 Welcome Swallow 
14 Red Wattlebird 
15 Crimson Rosella 
16 Sulphur-crested Cockatoo 
17 Brown Thornbill 
18 Eastern Yellow Robin 
19 Eastern Whipbird 
20 White-browed Scrubwren 
21 White-throated Treecreeper 
22 Masked Lapwing 
23 Grey Butcherbird 
24 Silvereye 
25 Silver Gull 
  229 
 
 
Appendix C: 
Materials used in Study 3 
 
Demographics information 
Thank you very much for agreeing to take part in this survey. We would like to know a 
little about you. 
 
1. Gender: 
    Female  
    Male  
    Prefer not to say  
 
2. Age 
3. What is your country of residence? 
4. What equipment are you using to listen to this experiment? 
 
6. The place you are doing the experiment in is: 
    Very quiet  
    Quiet  
    Noisy  
    Very noisy  
 
7. Do you think you are an expert in audio? 
    Yes  
    No  
    Don't know  
 
8. Do you think you are an expert on birds? 
    Yes  
    No  
    Don't know  
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Questionnaire items 
 
[MEANING STATEMENT HERE: Imagine that this bird...] 
Please click play to listen to its call, and then answer the questions below. You can listen to the call as many times as you like. 
 
1. If you were stressed and mentally worn out, to what extent do you think listening to this bird would help you to recover? 
Not at all    Very little    Rather little    Neither little nor much    A little    Very much    Completely 
       
2. Is listening to this bird... 
Very pleasant   Pleasant   Somewhat pleasant   Neither unpleasant nor pleasant   Somewhat unpleasant    Unpleasant    Very unpleasant 
       
3. Is listening to this bird... 
Very exciting   Exciting   Somewhat exciting   Neither exciting nor calming   Somewhat calming   Calming   Very calming 
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Appendix D: 
Materials used in Study 4 
 
Demographics measure 
1. Gender 
o Male 
o Female 
2. Age:   ……… years 
3. Nationality: …………………………. 
4. Occupation: …………………………. 
5. Highest level of education completed: 
o Secondary (e.g. O-levels, GCSEs) 
o Post-16 (e.g. A levels, Highers) 
o Undergraduate degree (e.g. BA, BSc) 
o Postgraduate taught degree (e.g. MA, MSc, PGDip) 
o Postgraduate research degree (e.g. MRes, MPhil, PhD) 
o Professional qualification (e.g. PGCE, DClinPsy, MBA, etc.; please 
specify): ……………………… 
o Other (please specify): ……………………… 
6. Have you had any professional training in music, acoustics, or sound 
engineering?e printed in lands 
o No 
o Yes 
o If yes, how many years? ......... 
7. Do you have any hearing difficulties? 
• No 
• Yes (if so, please describe briefly: ………….) 
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Affect measure - PANAS (Watson et al., 1988) 
This scale consists of a number of words that describe different feelings and emotions. 
Please read each item and then select the appropriate on the scale next to that word. 
Indicate to what extent you feel this way right now, that is, at the present moment. 
Use the following scale to record your answers. 
Very slightly 
or not at all A little Moderately Quite a bit Extremely 
1 2 3 4 5 
 
1. interested 1  2  3  4  5 
2. distressed 1  2  3  4  5 
3. excited  1  2  3  4  5 
4. upset  1  2  3  4  5 
5. strong  1  2  3  4  5 
6. guilty  1  2  3  4  5 
7. scared  1  2  3  4  5 
8. hostile  1  2  3  4  5 
9. enthusiastic 1  2  3  4  5 
10. proud  1  2  3  4  5 
11. irritable 1  2  3  4  5 
12. alert  1  2  3  4  5 
13. ashamed 1  2  3  4  5 
14. inspired 1  2  3  4  5 
15. nervous 1  2  3  4  5 
16. determined 1  2  3  4  5 
17. attentive 1  2  3  4  5 
18. jittery  1  2  3  4  5 
19. active  1  2  3  4  5 
20. afraid  1  2  3  4  5 
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Necker Cube Pattern Control Task (NCPCT) 
 
 
Figure 1. Necker cube. 
 
The Necker Cube task requires participants to look at an image of a wireframe three-
dimensional cube which can be seen in two different orientations (i.e. the front and back 
of the cube can reverse positions; please see Fig. 1). Focusing on one orientation is 
argued to utilise directed attention (Hartig et al., 2003) through inhibition of the 
competing pattern stimulus. Adapted from Hartig et al. (2003), participants viewed an 
image of the Necker Cube on the computer screen and will be instructed to ‘hold’ or 
focus on one orientation for two 30-second periods. If they experience a reversal in 
orientation they will be asked to respond via the computer’s mouse or keyboard. 
Average number of reversals across the two 30-second periods will be taken as a 
measure of attentional performance, with fewer reversals indicating greater directed 
attention. 
 
Qualitative measure 
Administered twice during the experiment (following each audio condition) 
 
Did you imagine anything whilst listening to this sound? 
 
• Yes [free text response] ............................... 
• No 
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Appendix E: 
Data CD of sound stimuli 
 
The attached data CD contains stimuli used in Studies 2A, 2B, 3, and 4. 
 
 
 
 
 
 
 
 
 
 
 
 
DATA CD 
